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Since 1935-1936 when Peet (1) and Adson and Craig (2) introduced 
techniques for interrupting the sympathetic innervation of the splanch- 
nic area for the treatment of essential hypertension, many patients 
have been subjected to these operations. Although numerous in- 
stances of reduction of the level of arterial pressure and complete 
symptomatic relief have been reported, a sufficient number of patients 
has not been observed for a period of time long enough to determine 
with certainty whether the course of the disease has been altered. 

It is the purpose of this paper to report on the results in twelve pa- 
tients with essential hypertension treated by splanchnicectomy. Ten 
of these have been followed for three to seven years since operation. 
Two died shortly after operation. Ten of the patients were from 28 to 
40 years of age and two were 50 years old at the time of operation. 

The sole criterion for operation was the presence of incapacitating 
symptoms. In three patients, a supradiaphragmatic splanchnicectomy 
(Peet operation) and in nine, an infradiaphragmatic splanchnicectomy 
(Adson-Craig operation) was performed. The Peet operation was 
carried out at first, but was supplanted by the Adson-Craig operation 
because the latter permits exploration of the kidneys and adrenal 
glands and interruption of a large part of the sympathetic supply of the 
thighs and legs in addition to that of the splanchnic area. 


METHOD OF STUDY 


After preliminary observations in the hypertension clinic, each patient was ad- 
mitted to the hospital for study prior to operation. The studies were repeated in 


1 Supported by a grant from the Commonwealth Fund for the study of essential 
hypertension. 


* Bowen Scholar in Medicine of the New York Academy of Medicine, 1941-1942. 
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nearly all the patients during the post-operative period. Each patient returned to 
the hypertension clinic at frequent intervals during the first year following operation 
and thereafter was admitted to the hospital for a yearly check-up. Whenever a 
patient became ill, more frequent attendance at the clinic or admission to the hos- 
pital was arranged. 

Arterial pressure was determined several times during an hour and a half while 
the patient was in the clinic, resting in bed. When the patient was in the hospital, 
it was estimated a few times during the day and evening and occasionally during 
sleep. In obese patients, the level of arterial pressure obtained by the use of a cuff 
of standard width (13 cm.) was compared with that obtained by a wide cuff (20 
cm.) so as to exclude any falsely high readings. The figures given on the charts for 
the range of arterial pressure are the highest and lowest readings in the systolic and 
diastolic levels for each day. 

The size of the heart and of the aorta was estimated from teleoroentgenograms. 
The eyegrounds were examined during each clinic visit and hospital admission and 
were photographed at frequent intervals to check clinical impressions. The de- 
gree of deviation from normal in the appearance of the optic discs, retina and retinal 
arteries is indicated on the charts by the extent to which each square is shaded. 

Urea clearance was calculated according to the formulae of Méller, McIntosh 
and Van Slyke (3) and the average of two successive hourly determinations is given 
on the charts. These agreed within five to ten percent. The phenolsulphonphtha- 
lein excretion test was performed by injecting intravenously 2 cc. (6 mg.) of the dye 
and determining the amount excreted in the urine in 15, 30, 60 and 120 minutes. 
The figures in the charts denote the total amount of dye excreted during the 2 hours. 
The capacity to concentrate urine was estimated by determining the specific gravity 
of the urine collected within the last 12 hours of a 24-hour period during which the 
patient ate a dry diet and abstained from all liquids. 

Cold tests were performed according to Hines and Brown (4). The rise in milli- 
meters of mercury in systolic and diastolic levels above that of the resting period is 
presented in the charts. 

Studies of the effect of passive change of posture from the supine to the 75° erect 
position on the level of arterial pressure were carried out on a tilt table with the arm 
on which arterial pressure was determined maintained at the level of the heart. 
Venous pressure was measured in the antecubital vein by the customary method. 
Circulation time was estimated by the usual end points following the intravenous 
injection of sodium cyanide or decholin. Except where indicated on the chart, the 
figures are those for sodium cyanide. 

Starch-iodine sweating (5) and skin resistance tests (6) and skin temperature 
studies were used to ascertain the completeness of sympathectomy and to discover 
evidence of sympathetic nerve regeneration in those patients subjected to an infra- 
diaphragmatic splanchnicectomy. 


OBSERVATIONS 


Symptoms: Relief from symptoms referable to hypertension occurred 
in nine of the twelve patients shortly after operation (Cases 1-9). In 
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five of these patients it was associated with a lowering of arterial 
pressure (Cases 1-5) and in the remaining four, it occurred in the 
absence of change in hemodynamics (Cases 6-9). 

In cases 1-4, the symptoms returned when the arterial pressure rose 
to pre-operative levels. The other patient (Case 5) has remained with- 
out complaints for 4 years even though the arterial pressure returned 
to the pre-operative hypertensive level in less than 2 years and he has 
exhibited evidence of progression of cardiovascular renal disease. 

Of the three patients who did not obtain symptomatic improvement, 
the first (Case 10) had a cerebral vascular accident 2 months prior to 
operation and thereafter was emotionally unstable and hypochon- 
driacal; the second (Case 11) died of a cerebral accident 5 weeks follow- 
ing operation and the third (Case 12) died 22 hours after the second 
stage of an infradiaphragmatic splanchnicectomy. 

Arterial Pressure: Arterial pressure was reduced for a period of 6 to 
18 months in four of the nine patients treated by the Adson-Craig 
operation (Cases 1, 2, 4, 5) and for 43 years in one (Case 3) of the three 
patients treated by the Peet operation. Return of arterial pressure to 
pre-operative levels was not accompanied by regeneration of the 
sympathetic innervation of the lower extremities as indicated by 
sweating and skin resistance tests and skin temperature studies. 

In a few patients there was objective evidence of regression of ab- 
normal findings in the cardiovascular system during the period of 
lowered arterial pressure. These reappeared after the arterial pressure 
rose to its previous levels. One patient (Case 5) exhibited a decrease 
in the size of the roentgen shadow of the heart, a shift in the electro- 
cardiographic axis from left to none at all and resorbtion of retinal 
hemorrhages and fluffy white areas of degeneration as well as clearing 
of blurred optic disc margins. In another patient (Case 1) there was 
a moderate decrease in the transverse diameter of the heart. In a 
third patient (Case 2) blurred optic disc margins cleared. 

In one patient (Case 8) the electrocardiographic axis changed from 
left to none at all and the heart decreased in size following operation, 
even though there was no reduction in the level of arterial pressure. 
This apparent improvement lasted about 2 years. 

Renal Function: Renal function as measured by urea clearance, 
phenolsulphonphthalein excretion and urine concentration tests was 
within normal limits, prior to operation, in all the patients. A transi- 
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tory fall of urea clearance to border-line levels of the normal range oc- 
curred in two patients (Cases 2, 5) shortly after operation. Return to 
normal range was not associated with a return of arterial pressure to 
hypertensive levels. 

Postural Hypotension: Postural hypotension lasting 6 to 9 months 
occurred in four patients following infradiaphragmatic splanchnic 
resection (Cases 1, 2, 4, 5) and in none following supradiaphragmatic 
splanchnic resection. Postural dyspnea accompanied it in 3 instances 
(Cases 1, 2, 5) (Fig. 1) and gradually subsided a few months before 
postural hypotension subsided. There was no correlation between the 
severity and duration of postural hypotension and the extent and 
duration of lowered arterial pressure. 

Cold Pressor Response: Operation did not in any instance alter the 
qualitatively hyperreactor response to a cold stimulus even when the 
arterial pressure was at a lower level. Cramps and tingling in the 
fingers on exposure to cold were experienced by three patients (Cases 
1, 2, 5) during the period of time of lowered arterial pressure. 

Response to Sodium Amytal: The level to which arterial pressure falls 
following the intravenous administration of sodium amytal (0.2 gm. 
each } hour for 3 doses) is considered a good pre-operative criterion for 
the ultimate effect to be expected from operation on the level of arterial 
pressure (7). In the few instances in which sodium amytal was ad- 
ministered, this view was not borne out. 

Sexual Function: In none of the patients treated by the infradia- 
phragmatic operation was there any alteration of sexual function. 


DISCUSSION 


Peet and his co-workers (8) have reported their results in more than 
three hundred and fifty patients, the largest group yet treated for 
hypertension by supradiaphragmatic splanchnicectomy in one clinic. 
Adequate post-operative data was obtained in one hundred and eighty 
of these patients for from 9 months to 7 years following operation. 
The percentage of these patients who exhibit objective and subjective 
evidence of improvement has been relatively constant from year to 
year. Peet’s results, judged solely by the reduction of the level of 
arterial pressure, have been uniformly better and more persistent than 
those of others who reported on smaller groups of patients, whose ag- 
gregate is one hundred and twenty seven (9, 10, 11, 12, 13). 
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In nine carefully studied patients in whom supradiaphragmatic 
splanchnicectomy was performed, Page and Heuer (9) noted a prompt 
fall in the level of arterial pressure, which rose to pre-operative levels 
within 6 months. The experiences of White and Smithwick (10) with 
a group of sixty-six patients, followed for 3 months to 43 years after 
supradiaphragmatic splanchnicectomy, were similar to those of Page 
and Heuer. Similar results have been reported in small groups of 
patients, numbering from four to forty, by Davis and Barker (11), 
Rytand and Holman (12), and DeTakats, Heyer and Keeton (13). 

Of our three patients (Cases 3, 7, 9) treated by supradiaphragmatic 
splanchnicectomy, only in one (Case 3) was there a satisfactory reduc- 
tion in the level of arterial pressure. This was sustained for 45 years, 
after which the arterial pressure rose to its pre-operative level, where it 
has remained for the past 25 years. 

Allen and Adson (14) have described by far the largest group of 
patients with hypertension treated by infradiaphragmatic splanchnic 
resection. They attempted to predict the effect of operation on 
arterial pressure by studying the response of the latter to bed rest, to 
the administration of 0.2 gm. of sodium amytal hourly for 3 successive 
hours, and to the slow intravenous injection of a 5% solution of pen- 
tothal sodium. Their studies revealed that these tests indicate only 
trends of the probable effect of operation on the level of arterial pres- 
sure, and that it is easier to be accurate in the prediction of poor results 
than of good results. 

Two of these tests when applied to our patients, namely, the re- 
sponse of arterial pressure to bed rest and sodium amytal, proved to be 
of only limited value. 

In four of our nine patients treated by infradiaphragmatic splanch- 
nicectomy, good results, as judged by reduction in the level of arterial 
pressure, lasted for only 6 to 18 months. Only fourteen of the twenty- 
seven cases reported by Allen and Adson to have shown a satisfactory 
reduction of arterial pressure, were followed for as long as 1 year to 3 
years and 7 months (average 2 years and 4.1 months) after operation. 
The remaining thirteen patients were followed for 3 to 10 months 
(average 5.8 months). 

In a group of twelve patients, Leonard and Oughterson (15) re- 
ported excellent results in one patient 3 months following operation and 
moderately good results in four patients, one of whom was followed for 
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only 3 months, and the other three for 26 to 36 months. The arterial 
pressure returned to pre-operative levels after 6 months in eighteen 
cases observed by Heuer and Glenn (16). 

In our experience, the onset of reduction in arterial pressure following 
operation and its subsequent return to hypertensive levels was prompt. 
We have observed no instance in which the fall in the level of arterial 
pressure first began several months following supradiaphragmatic or 
infradiaphragmatic splanchnicectomy as reported to occur not in- 
frequently by Woods (17) and White and Smithwick (18). 

The variation in results following both types of operation in different 
clinics emphasizes the necessity for long-time observations in large 
groups of patients before passing judgment on the effect of surgical 
treatment on the level of arterial pressure. 

Postural hypotension lasting 6 to 9 months occurred in four of our 
patients following infradiaphragmatic splanchnic resection (Cases 1, 
2, 4, 5) and in none following supradiaphragmatic splanchnic resection. 
There was no correlation between the severity and duration of postural 
hypotension and the extent and duration of lowered arterial pressure. 

The onset of dyspnea on sudden change of posture from the reclining 
to the erect position was a striking symptom in three patients (Cases 
1, 2, 5) during the first few months following infradiaphragmatic 
splanchnicectomy. It was found to accompany postural hypotension. 
In each instance, postural dyspnea gradually subsided a few months 
before postural hypotension. Postural dyspnea has not been reported 
heretofore as a symptom following infradiaphragmatic splanchnic- 
ectomy. 

The mechanism by which arterial pressure is lowered by splanch- 
nicectomy is not completely understood, nor is there a satisfactory ex- 
planation for its delayed return to hypertensive levels. It is evident 
from studies on postural hypotension following infradiaphragmatic 
splanchnicectomy that relaxation of the splanchnic vascular bed does 
not alone account for the lowered arterial pressure, nor does its disap- 
pearance account for the return of hypertension. 

Our studies do not help to clarify this problem. They do, however, 
indicate that the return of arterial pressure to hypertensive levels is not 
accompanied by regeneration of the sympathetic nerves to the lower 
extremities following the Adson-Craig operation. These observations 








TO a eee 

















SYMPATHECTOMY AND ESSENTIAL HYPERTENSION 133 


make it seem unlikely that the return of arterial pressure to pre-opera- 
tive hypertensive levels is due to regrowth of the extirpated portions of 
the sympathetic nervous system. 

There is no satisfactory explanation for the reduction in the level of 
arterial pressure in some patients with essential hypertension and lack 
of reduction in others who are seemingly in the same state of health and 
have been treated by the same type of operation. It is possible that 
anatomical variations and difficulties in surgical technique may, in 
some instances, account for this difference. 

Marked relief from distressing symptoms and consequent resump- 
tion of limited or full-time activities, regardless of the type of splanch- 
nicectomy performed and regardless of its effect on the level of arterial 
pressure, has been reported by many. Its occurrence in some patients 
in whom there are no hemodynamic changes following operation (Cases 
6-9), and its persistence in others following the return of arterial 
pressure to preoperative hypertensive levels (Case 5) might justify 
surgical treatment for symptomatic relief alone. Some would ascribe 
the relief to an enthusiastic and dramatic approach to the treatment 
rather than to any specific treatment (20). However, in some in- 
stances, the symptomatic relief appears to depend solely upon lowered 
arterial pressure, since symptoms return concomitantly with the rise in 
arterial pressure to pre-operative levels (Cases 1-4). There are as yet 
no criteria for selecting for operation those patients who might obtain 
prolonged symptomatic relief. 

Sufficient time has not elapsed to state with certainty that the course 
of the disease is altered by surgical intervention, though there is reason 
to believe that this may have occurred in the patients in whom there 
was objective evidence of either a decrease in the size of the heart, or 
improvement in the appearance of the eyegrounds during the period of 
reduced arterial pressure, or both (Cases 2, 5). In each patient, the 
progression of the cardiovascular disease was evident when the arterial 
pressure rose to pre-operative levels. However, in one patient (Case 
8), the electrocardiographic axis changed from left to none at all and 
the size of the heart decreased following operation, and in another 
patient (Case 10), far advanced eyeground changes cleared, even 
though in neither instance was there reduction in arterial pressure. In 
this connection, it is important to remember that regression of eye- 
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ground changes consistent with those commonly seen in malignant 
hypertension may occur without any form of treatment (19). 

There is a lack of agreement concerning the relative incidence of 
reduction in the level of arterial pressure following splanchnicectomy in 
patients exhibiting eyeground changes of different severity. The ob- 
servations of White and Smithwick (10) following supradiaphragmatic 
splanchnicectomy and of Allen and Adson (14) following infradia- 
phragmatic splanchnicectomy indicate that reduction in the level of 
arterial pressure occurs most frequently in patients who exhibit mild to 
moderate retinal arterial changes without retinitis or papilledema. In 
contrast, Woods and Peet (21), who employed the supradiaphragmatic 
operation, reported that the greatest incidence of reduction in the level 
of arterial pressure and an increase in life expectancy occurs only in 
those patients who exhibit marked changes in the retinal arteries and 
retinitis, with or without papilledema. 

Our group of patients is not large enough to warrant any conclusion 
concerning this aspect of the surgical treatment of hypertension. 

Improvement in renal function, as measured by urea clearance, 
phenolsulphonphthalein excretion and ability to concentrate urine, has 
been reported in many instances to accompany reduction in the level of 
arterial pressure following infradiaphragmatic splanchnicectomy (8). 
Others have not noted such improvement (9, 12). The renal function 
of all of our patients was good prior to operation. A transitory fall of 
urea clearance occurred in two patients in whom the arterial pressure 
was lowered by operation (Cases 1,5). Return to normal range was 
not associated with a return of arterial pressure to hypertensive levels. 

Loss of the power of ejaculation in males following infradiaphrag- 
matic splanchnic resection has been reported by Allen and Adson (7). 
There was no alteration in sexual function in our patients. This is in 
agreement with the recent report of White and Smithwick (22). 


SUMMARY 


1. The presence of incapacitating symptoms was the only criterion 
for sympathectomy in twelve patients with essential hypertension. 

2. The level of arterial pressure was lowered for 6 to 18 months in 
four of the nine patients treated by the infradiaphragmatic operation 
(Adson-Craig) and for 43 years in one of the three patients treated by 
the supradiaphragmatic operation (Peet). 

















SYMPATHECTOMY AND 





ESSENTIAL HYPERTENSION 


3. Symptomatic relief appeared to depend upon lowered arterial 

pressure in four of nine patients in whom it occurred. 

4. In two patients abnormal findings in the heart and eyegrounds 
regressed during the period of lowered arterial pressure and returned 
after the arterial pressure again rose. 

5. Return of arterial pressure to pre-operative hypertensive levels 
was not associated with regeneration of the sympathetic nerves supply- 
ing the lower extremities which were severed during the Adson-Craig 
operation. 
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CASE HISTORIES 


M. C.* (No. 103092), (Case 1, Chart 1) a 50 year old white German teacher, 
learned of having kidney trouble at the age of 25 (1912) when her second pregnancy 
terminated in a spontaneous abortion during the second month. Her first preg- 
nancy had been normal. In 1917, during her third pregnancy, which ended in a 
stillbirth at the end of the eighth month, she experienced visual disturbances and 
headaches, but noedema. She was advised to avoid future pregnancies because of 
kidney trouble. 

At the age of 32, she began to have frequent headaches and was told for the first 
time that she had high blood pressure. At the age of 45, moderate weakness of the 
right arm and leg slowly developed. At the age of 48, she began to have periods of 
mental confusion, diplopia and difficulty in speech. These increased in frequency 
during the next two years, making teaching difficult. During the three months 
prior to coming to the hospital in March, 1937, shortness of breath and palpitation 
on moderate exertion appeared. 

F.H. There was no familial history of hypertension. 

P.H. She had never been seriously ill. Menopause occurred without compli- 
cations at the age of 49. 

P. E. When first examined at the hospital, she did not appear ill, her speech 
was good and there was some weakness of the right half of the body. The retinal 
arteries were irregular in outline, gave an increased light reflex and greatly com- 
pressed the veins at points of crossing; otherwise the retinaec appeared normal. 

The heart was enlarged to the left and the lungs were clear throughout. A 


’ This patient was referred to us by Dr. John Eager Howard, who kindly per- 
mitted us to publish this report. 


























SYMPATHECTOMY AND ESSENTIAL HYPERTENSION 137 


somewhat tender mass, which was interpreted to be either liver or kidney, was felt 
in the right flank. There was no dependent edema. The peripheral arteries were 
not thickened and the pulsations of the arteries of the lower extremities were 
forceful. 

Pre-operative Studies: The renal function was good. The roentgen shadow of 
the heart and aorta was enlarged. Intravenous pyelograms revealed ptosis of the 
right kidney. Circulation time and venous pressure were normal. The red blood 
cells numbered 4,900,000 per c. mm. of blood with 13.0 gm. of hemoglobin in each 


Fic. 1. To illustrate postural dyspnea and postural hypotension occurring 
during passive change in posture on a tilt table from flat to tilt-up (75° erect) of 
patient M. C. (Case 1) one month following infradiaphragmatic splanchnicectomy. 
The fall in the level of arterial pressure was accompanied by tachycardia. The 
patient breathed room air from a spirometer. The rate and depth of respira- 
tion were recorded by a writing pen on a revolving drum. 


100 cc. of blood. The total and differential white blood cell counts were normal. 
The blood Wassermann was negative. 

Operation and Immediate Post-operative Course: During the month of observa- 
tion preceding the infradiaphragmatic splanchnicectomy, the level of arterial pres- 
sure remained elevated and the patient was practically symptom-free. 

The first stage of the operation was performed on the right side on April 21, 
1939, and the second stage, on the left side, 9 days later. The patient was 50} 
years old at the time of operation. From then until discharge, almost three weeks 


later, the level of arterial pressure fluctuated widely within a lower range than pre- 
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operatively. There was marked postural hypotension. Renal function was un- 
altered except for a consistently lower urea clearance. The size of the heart and the 
appearance of the retinae did not change. A skin temperature test, while the room 
temperature was maintained between 18°C. and 19.7°C., indicated a satisfactory 
sympathectomy of the lower extremities. 

On discharge, the patient was symptom-free. 

Course Following Operation: Shortness of breath and dizziness on change of pos- 
ture from lying, or sitting, to standing erect occurred frequently only during the 
first few months. Prompt relief was obtained by sitting, or lying down, or walking 
about. This postural dyspnea (Fig. 1) accompanied postural hypotension and 
tachycardia. 

Five months after operation (September, 1937) she resumed a limited teaching 
schedule, though she still had many symptoms (Chart 1). During the first 7 
months the only new findings were that the level of arterial pressure was signifi- 
cantly lower than pre-operatively, and skin temperature tests indicated a satisfac- 
tory sympathectomy of the lower extremities. 

In the fall of 1938, she recovered from two serious illnesses. In September, 
1938, there occurred an unexplained gastro-intestinal hemorrhage for which she was 
hospitalized and given several transfusions. In October, while convalescing at 
home in Missouri, she developed encephalitis (St. Louis Type). 

For more than a year thereafter all of her previous symptoms increased to such 
an extent that she had to stop teaching. However, physical examination in April, 
1939 did not reveal evidence of progression of the hypertensive cardiovascular 
disease. Arterial pressure was still at about the same moderately lowered level as 
when the patient was last seen in 1937. Postural hypotension and postural dysp- 
nea were no longer demonstrable. 

During the next year (1939-1940) her strength and capacity for work increased, 
so that she was able to care for a household of two adults besides herself. When 
last seen in December, 1941 she was still doing this with no apparent ill effect, ex- 
cept for recent onset of pain in the lumbo-sacral region after a few hours’ work. 
This responded to rest. There was no significant change in physical findings and 
results of laboratory tests. 


E. E. (No. 165116), (Case 2, Chart 2) a 39 year old white woman, first learned 
of having high blood pressure at the age of 36 (1937) when she sought relief from 
increasingly severe headaches which she had had since the age of 34. 

The headaches, which were associated with stiffness of the neck, usually came 
on at about 2:00 A.M., were aching in character and confined almost exclusively 
to the back of the head. At the height of the pain, there was numbness of the left 
hand and heaviness of the left arm, and vomiting. These headaches often lasted 
all day. 

At first, moderate relief was obtained from aspirin, phenobarbital and limitation 
of physical activity. During the year prior to coming to the clinic on March 2, 
1939, the headaches occurred almost daily, were more severe, and teichopsia was 
present. 
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In the early part of 1938, shortness of breath on walking two blocks appeared. 
In the latter part of 1938, precordial pain and breathlessness often awoke her from 
sleep, and palpitation of the heart when emotionally upset, ease of fatigability, and 
slight edema of the ankles towards the end of the day developed. 

F.H. Her father had had high blood pressure and died of a cerebral hemorrhage 
at the age of 54. Her mother is being treated for hypertension and myxedema. 
Her maternal grandfather and a maternal aunt had had strokes. 
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P.H. There was no history of nephritis, urinary tract infection or renal colic. 
For many years there has been a tendency to blush on slight provocation. There 
were no symptoms of toxemia during her three pregnancies at 20, 24 and 27 years of 
age. 

P.E. When first examined the patient was moderately obese and did not ap- 
pear nervous or ill. There was marked flushing of the skin over the face, neck, 
chest and back. 

There were sharply localized constrictions in the retinal arteries which gave an 
increased light reflex and compressed the veins at points of crossing. There were 
several small, fluffy exudates in the left retina and one in the right. There were 
no hemorrhages and the margins of the discs were blurred. 
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The heart was enlarged to the left, the rhythm regular and the second aortic 
sound accentuated. There was no murmur or gallop rhythm. The lungs were 
clear. The liver edge extended two finger-breadths below the costal margin. It 
was not tender. The spleen and kidneys were not felt. There was no edema. 
The pulsations of the arteries of the lower extremities were forceful; the radial 
arteries were not thickened. 

Pre-operative Course and Studies: While observed in the outpatient department 
from March 2, 1939, until May 1, 1939, the renal function was found to be good. 
Retrograde pyelograms were normal and a urine culture was sterile. 

The level of the arterial pressure fluctuated widely but was consistently ele- 
vated. The teleoroentgen shadow revealed an enlarged heart and a dilated, tortu- 
ous and slightly sclerotic aorta. The electrocardiogram was normal. 

There were 5,870,000 red blood corpuscles per c. mm. and 14.8 gm. of hemoglo- 
bin per 100 cc. of blood. The total and differential white blood cell counts were 
normal. The basal metabolic rate was +14. 

During the three weeks of observation prior to operation the studies which had 
been performed in the clinic were repeated and confirmed. Additional studies of 
the circulatory system revealed nothing of note (Chart 2). Following the oral 
administration of two doses of sodium amytal, 0.2 gm. each, at hourly intervals, the 
level of the arterial pressure fell from 200/124 to 154/112 four hours after the last 
dose. 

Operation and Immediate Post-operative Course: On June 19, 1939, at the age 
of 38, infradiaphragmatic splanchnic resection was done on the right side, and on 
June 30, the same operation was performed on the left side. A well-sustained fall 
in the level of the arterial pressure occurred after the second stage of the operation, 
and marked postural hypotension developed. The urea clearance was moderately 
reduced. There was an elevation of temperature and absence of sweating in both 
lower extremities. She was free from all pre-operative symptoms when discharged 
on July 25, 1939. 

Course Following Operation: During the first two months after returning home 
postural dyspnea and postural hypotension were severe. Postural dyspnea sub- 
sided after six months and postural hypotension gradually subsided towards the end 
of the first year and one-half, October, 1940. To date, they recur infrequently on 
arising in the morning. 

Shortness of breath and palpitation on moderate exertion and ease of fatigabil- 
ity reappeared shortly after returning home. These recur with varying severity 
and frequency to the present date. 

With the onset of cool weather in September, 1939, the finger nail beds were 
almost always blue, the fingers cold and white, and there was a sensation of “‘pins 
and needles” in the finger tips. These symptoms occurred only in the erect posture 
and frequently in a warm room or while washing with warm water. There was also 
undue sensitivity of the entire body to cold during the winter of 1939-1940. 

During the greater part of the first year following the operation the arterial 
pressure remained at a nearly normal level. In June, 1940, the arterial pressure 
rose to definitely hypertensive levels, where it has remained. At about this time, 
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she resumed very strenuous household duties, and headaches similar to those 
experienced prior to operation recurred. 

During the past 2 years (1940-1942) the headaches have occurred more fre- 
quently and, at times, have been incapacitating for several days. 

In October, 1941, symptoms suggestive of either a dissecting aortic aneurysm 
or myocardial infarction occurred. She was hospitalized for 6 weeks, but neither 
diagnosis was confirmed. 

In February, 1942 she was hospitalized for symptoms of hypertensive encepha- 
lopathy. Digitalis 0.1 gm. each day was prescribed in March, 1942 for diminishing 
cardiac reserve. 

Throughout the 3 years since the operation the renal function and the size of the 
heart have remained unaltered. The appearance of the retinae has not changed 
since the exudates and hemorrhages were resorbed and the margins of the discs 
became distinct in April, 1940, except that the arteries have become more irregu- 
larly constricted. 


M. W. (No. 104851), (Case 3, Chart 3) a 29 year old white telephone operator, 
was known to have hypertension since the age of 28 (1934), when the level of arterial 
pressure was found to be 135-130/100 during an examination for life insurance. 
From December, 1934, until she entered the hospital in September, 1935, the level 
of arterial pressure was found by her private physician to be usually 180/120. 

She was symptom-free until June, 1933, when severe headaches, fatigability and 
palpitation appeared. At first the headaches responded to analgesics, but during 
the two months prior to hospital admission, they became incapacitating. 

F.H. There was no familial history of hypertension. 

P.H. There was no history of nephritis, urinary tract infection or renal colic. 
At the age of 21, she had tuberculous pleurisy with effusion and recovered com- 
pletely after one year of care in a sanatorium. 

P.E. When first examined, she did not appear ill. Her face and neck flushed 
easily. The retinal arteries were only slightly narrowed; otherwise the fundi ap- 
peared normal. The heart was normal except for an accentuated second sound at 
the aortic area. Thelungswereclear. The liver, spleen and kidneys could not be 
felt and there was no dependent edema. The pulsations of the arteries of the lower 
extremities were forceful. 

Pre-operative Studies: During the month of hospitalization prior to operation, 
the renal function was good, the urine was normal and there was no azotemia. In- 
travenous pyelograms were normal. The teleoroentgen shadow of the heart was 
slightly enlarged and the lung field shadows were clear except for calcified nodes at 
the root of the right lung. There was left deviation of the electrocardiographic 
axis. The roentgen shadow of the skull was normal. The response to a cold 
stimulus was that of a hyperreactor. The red blood corpuscles numbered 5,080,000 
per c. mm. and there were 13 gm. of hemoglobin per 100 cc. of blood. The total 
and differential white blood cell counts were normal. The blood Wassermann was 
negative. 
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Operation and Immediate Post-operative Course: A bilateral supradiaphragmatic 
splanchnic nerve resection was performed on October 2, 1935. The patient was 
then 29 years old. The arterial pressure fluctuated between normal and hyperten- 
sive levels during the first week following operation, and then remained moderately 
elevated until discharge on October 11, 1935. At the time of discharge, there was 
complete relief from all symptoms. 

Course Following Operation: After convalescing for a few weeks, she returned to 
work as a telephone operator. In the first 4 years and 8 months following opera- 
tion, she remained symptom-free, except for sensitivity of her hands to cold during 
the first two winters. The arterial pressure remained at a distinctly lower level 
than prior to operation, though it was usually within a hypertensive range. Flush- 
ing of the face and neck during emotional stress was still marked. 

From June, 1940, nearly 5 years after the operation, when symptoms recurred 
for the first time, until the present, she has complained almost constantly of nerv- 
ousness, fatigability and headaches. A few months after these symptoms re- 
turned, the arterial pressure rose to its pre-operative level and a moderate hypo- 
chromic anemia developed. The only other evidence of progression of the vascular 
disease has been the appearance of definite narrowing of the retinal arteries with 
localized areas of constriction and increased light streaking during the past year. 
The renal function has remained good. 


B. B.* (No. 170638), (Case 4, Chart 4) a 33 year old white housewife, learned of 
having hypertension at the age of 23 (1928) when she consulted her private physi- 
cian because of recent onset of incapacitating headaches (occasionally associated 
with vomiting), insomnia, blurred vision, episodes of dizziness, nervousness and 
palpitation. 

Two years after the onset of these symptoms she became pregnant for the first 
and only time. The pregnancy was complicated by eclamptic toxemia. During 
the next eight years the symptoms did not increase in severity. The systolic level 
of arterial pressure was reported to be not lower than 160 mm. Hg and often well 
above 200 mm. Hg. 

During the two years before she was referred to this clinic (1937-1939) she 
became easily fatigued and dyspneic on moderate exertion, and experienced pound- 
ing of the heart at night. There was no orthopnea, paroxysmal nocturnal dyspnea, 
precordial pain or edema. She lost 18 pounds in weight. 

F.H. The patient’s mother and father have hypertension. One uncle died 
of hypertension. 

P.H. She had been well in the past except for two attacks of renal colic at the 
age of 16. There is no history of nephritis. 

P. E. On admission to the hypertension clinic on May 22, 1939, she did not 
appear ill, was somewhat undernourished, restless and nervous. 

There was a minimal increase in the tortuosity and light streaking of the retinal 





‘This patient was referred to us by Dr. Charles W. Wainwright who kindly 
permitted us to publish this report. 
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arteries; otherwise the fundi were normal. There was a gallop rhythm at the apex 
of the heart; the heart was not enlarged. The lungs were clear. The liver and 
spleen were not palpable, and the lower pole of the right kidney was felt. It was 
not tender, nor was there costo-vertebral angle tenderness. The palms were quite 
moist. Pulsations of the vessels of the lower extremities were forceful. 
Pre-operative Studies: The renal function was good. There was no azotemia. 
There was no albuminuria, the sediment was normal and a urine culture was sterile 
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An intravenous pyelogram revealed no abnormalities. The roentgen shadow of the 
heart and aorta was not enlarged; that of the lungs was clear. The electrocardio- 
graphic record was normal. The basal metabolic rate was —3. The response toa 
cold stimulus was hyperreactor in type. The red blood cells numbered 4,950,000 
per c. mm. of blood, and there were 14.4 gm. of hemoglobin per 100 cc. The total 
and differential white blood counts were normal. The blood Wassermann was 
negative. 

Operation and Immediate Post-operative Course: Infradiaphragmatic splanchnic- 
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ectomy was performed on June 3, 1939 on the right side, and ten days later on the 
left side. The left adrenal gland was also removed. No pathological changes were 
observed in the tissues removed. The patient was 344 years old at the time of 
operation. 

Two weeks after the second stage of the operation she returned to her home in 
Florida. 

Course Following Operation: Soon after the operation she became free from all 
pre-operative symptoms. During the first four months following discharge she 
frequently suffered from postural hypotension. The level of the arterial pressure 
was consistently between 140 and 150 systolic and 90 and 100 diastolic. 

In September, 1940 when she returned to the hospital for check-up, she was 
symptom-free. She had gained thirty pounds. The arterial pressure was at a 
much lower level than prior to the operation, though still somewhat elevated. The 
heart was not enlarged. The renal function was good except that the urea clear- 
ance was moderately reduced. The left foot and sole was cooler than the right as 
indicated by skin temperature readings. There was no sweating of either knee or 
foot. 

She has not returned to the hypertension clinic since September, 1940, but is 
seen at frequent intervals by her private physician in Florida, who informs us peri- 
odically of her condition. The level of arterial pressure remained lower than pre- 
operatively until March, 1941, when it returned to its pre-operative levels, where 
it has since remained. At about the same time, she began to suffer from severe 
headaches similar to those prior to operation, and from menopausal symptoms. 
The latter have not responded to stilbesterol 0.1 mg. per day. When last heard of, 
in August, 1942, her status was unchanged. 


M. L. (No. 129280), 41, (Case 5, Chart 5) a police sergeant, first learned of hav- 
ing high blood pressure in April, 1936 when he was rejected for life insurance. Two 
months earlier his arterial pressure had not been elevated and he had passed a 
physical examination for life insurance. 

One month after learning of having hypertension he began to become readily 
fatigued, to experience dyspnea when going uphill and to be aware of a fairly con- 
stant numb sensation over the entire head. 

During the next two years (1936-1938) these symptoms, particularly dyspnea 
on exertion, gradually limited his capacity for work. On the advice of his private 
physician, he entered the hospital on February 9, 1938 for observation. 

F.H. His mother had had hypertension for ten years. 

P. H. He had always been well except for typhoid fever at the age of six. 
There was no history of nephritis, urinary tract infection or symptoms of renal colic. 
P.E. On admission he was robust, appeared plethoric and did not look ill. 

The retinal arteries were tortuous, slightly irregular and compressed the veins 
at points of crossing. The margins of the left disc were slightly more blurred than 
those of the right. There were no hemorrhages, but several fluffy, small, white 
exudates were present in the right retina. 
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The heart was considerably enlarged to the left. The second sound at the aortic 
area was accentuated. The rhythm was regular. There was no murmur or gallop 
rhythm. The lungs were clear. The liver, spleen and kidneys could not be felt 
and there was noedema. The radial arteries were thickened, rubbery and slightly 
tortuous. The pulsations of the arteries of the lower extremities were forceful. 

Pre-operative Studies: The renal function was unimpaired. Occasionally there 
was 2 plus albuminuria, but the sediment was normal. There was moderate azo- 
temia. Intravenous pyelograms revealed normal urinary tracts. 
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The teleoroentgen shadow of the heart, particularly of the left ventricle, was 
greatly enlarged. There was moderate left deviation of the electrical axis of the 
heart. There was no postural hypotension. The response to a cold stimulus was 
hyperreactor. The oral administration of three 0.2 gm. doses of sodium amytal at 
hourly intervals did not have a sedative effect and a slight fall in the level of arterial 
pressure from 220/138 to 192/126 occurred one hour after the last dose. The red 
blood cells numbered 4,890,000 per c. mm. of blood. There were 14.3 gm. of hemo- 
globin per 100 cc. of blood and 14,300 white blood corpuscles per c. mm. with a 
moderate shift to the left in the differential count. 








148 J. BORDLEY, III, M. GALDSTON AND W. E. DANDY 


Operation and Immediate Post-operative Course: After a week’s observation in 
the hospital, the first stage of an infradiaphragmatic splanchnic resection was done 
on the left side on February 10, 1938, and the second stage on the right side on 
February 21, 1938. The right adrenal gland was also removed because it seemed 
slightly enlarged and the presence of a tumor was suspected. This was not con- 
firmed on microscopic examination. The patient was 37 years old at the time of 
operation. 

After the second stage, the arterial pressure fell to almost normal levels (Chart 
5). Convalescence was complicated by bronchitis and a stitch abscess, which 
cleared in a week. He was discharged on March 19, 1938. He was still weak and 
troubled by symptoms of postural hypotension and postural dyspnea. 

During the immediate post-operative period, the teleoroentgen shadow of the 
heart decreased to normal size and left deviation of the electrical axis was no longer 
present. The response toa cold stimulus was still hyperreactor. There was severe 
postural hypotension. 

There was a decrease in the urea clearance to considerably less than pre-opera- 
tively and azotemia and albuminuria were no longer present. 

The only noteworthy changes in the retinae were that the optic disc margins 
were no longer blurred and the exudates gradually disappeared. 

Skin temperature studies done with the room temperature at 20°C. to 18°C. 
revealed no evidence of interruption of the vasomotor innervation of the toes of the 
right foot and only partial interruption to the toes of the left foot. 

Course Following Operation: After convalescing for three months he resumed full 
time work as a police sergeant in June, 1938. Although this required strenuous 
physical exertion, his capacity for work was no longer diminished and he was free 
from all symptoms except giddiness and shortness of breath on assuming an erect 
posture, which gradually subsided during the first six months after leaving the 
hospital. 

The arterial pressure was definitely lower during the first six months as com- 
pared with pre-operative levels. However, two months after resuming work, in 
September, 1938, it began to rise and by the end of the first year, March, 1939, had 
returned to its former high levels where it has since remained. 

With the rise in arterial pressure, the heart gradually enlarged and left deviation 
of the electrical axis of the heart returned. Urea clearance had returned to the pre- 
operative range several months prior to the rise in arterial pressure. There has 
been no albuminuria since the operation, except for a faint trace in February, 1941. 

The retinal exudates were slowly resorbed during the first year following opera- 
tion and they reappeared in the left eye in 1942. The nasal half of the disc margins 
has become moderately blurred; otherwise the fundi have not changed in appear- 
ance. 

During the fall and winter of 1938-1939, the tips of the fingers of both hands 
became cold, pale and bluish in color. This was not accompanied by any symp- 
toms. 

Skin resistance tests last done on March 23, 1942 indicated persistence since 
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operation of sympathetic denervation of the left lower extremity. In spite of the 
elevated level of arterial pressure and the marked enlargement of the heart, he has 
remained entirely symptom-free and has not missed a day’s work since the opera- 
tion, except for short periods of hospitalization each year for a check-up. 


T. M. (No. 125751), (Case 6, Chart 6) a 36 year old typist, had been in good 
health until March 19, 1937, when weakness of the left side of her body developed. 
She then learned for the first time that she had high blood pressure. She had last 
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CHART 6 


been examined in October, 1935 when she applied for life insurance, and had been 
found in good health. The systolic level of arterial pressure was then 120 mm. 
Hg and the diastolic 80 mm. Hg. The urine was entirely normal. Motor power 
gradually returned to the left side of her body so that by February, 1938 she was 
able to typewrite again with both hands. 

Nine and one-half months after the cerebral accident she was first examined at 
the hypertension clinic. Meanwhile there had developed fatigability, anorexia, 
nervousness, irritability and emotional instability. 








150 J. BORDLEY, III, M. GALDSTON AND W. E. DANDY 


F.H. There was no familial history of high blood pressure. 

P.H. She had always been healthy and symptom-free. There was no history 
of nephritis, urinary tract infection or renal colic. 

P. E. When first examined at the hypertension clinic she did not appear ill. 
The retinal arteries were irregularly narrowed and gave an increased light reflex 
but did not compress the veins. The margins of the discs were distinct and there 
were no areas of degeneration or hemorrhage. The heart was normal. The lungs 
were clear. The liver was palpable at the costal margin at the height of inspira- 
tion; the spleen and kidneys could not be felt. There was no edema and the pal- 
pable arteries of the extremities were not thickened and pulsated forcefully. The 
palms and soles were very moist and the fingers, particularly those of the left hand, 
were tremulous. There was left hemiparesis and asteriognosis of the left hand. 

Pre-operative Studies: From December 14, 1937 until April 28, 1939, when it was 
decided that she should enter the hospital for further studies, she lost 13 pounds, 
complained of clumsiness of the left hand and of the onset of dyspnea on moderate 
exertion and severe frontal headaches in February, 1939. 

On admission to the hospital there were no new physical findings. The teleo- 
roentgen shadow of the heart was not enlarged. The electrocardiographic tracing 
was normal. The renal function was good, a urine culture was sterile and retro- 
grade pyelograms were normal. 

There were 5,290,000 red blood corpuscles per c. mm. of blood, 13.0 gm. of 
hemoglobin per 100 cc. of blood, and the total and differential white cell counts were 
normal. The blood Wassermann reaction was normal. 

The basal metabolic rate was —5. Circulation time, venous pressure and vital 
capacity were within normal limits. 

The response to a cold stimulus was hyperreactor in type. Following the ad- 
ministration of 0.2 gm. of sodium amytal by mouth twice in two hours, the level 
of arterial pressure fell from 186/116 to 124/94. 

Operation and Immediate Post-operative Course: After she was observed in the 
hospital for three weeks, infradiaphragmatic splanchnic resection was performed on 
the right side on May 18, 1939 and on the left side on June 6, 1939. The patient 
was 38 years old at the time of operation. The first stage was followed by a surpris- 
ingly well-sustained rise in the level of the arterial pressure, which returned to its 
pre-operative level before the patient left the hospital. Postural hypotension did 
not develop. The response toa cold stimulus was still hyperreactor in type. Renal 
and cardiac functions and the appearance of the optic fundi were unaltered. Both 
feet were warm and dry. There was relief from all pre-operative symptoms. 

Course Following Operation: During the first six weeks following discharge, gid- 
diness and panting respirations occurred on standing erect from a reclining position. 
These symptoms were relieved by sitting or lying down or by walking. Studies 
revealed that the postural dyspnea was accompanied by postural hypotension. 
These symptoms gradually disappeared toward the end of the first year following 
operation. 

Dyspnea on climbing one flight of stairs, which was present prior to the opera- 
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tion, reappeared during the first year and is present to date. Its severity has not 
increased. By the end of the first year (June, 1940) the patient felt strong enough 
to carry on social activities and to help run a small apartment. During the past 
year she has worked as much as ten to twelve hours a day studying and doing part- 
time bookkeeping. After several months’ trial these activities were found too 
strenuous, but the patient is able to work at irregular periods as a free-lance 
accountant. 

The skin over the legs and feet has remained dry and warm. The hands per- 
spire freely and are unduly sensitive to cold. Studies of the resistance of the skin 
of the lower extremities, last performed on March 23, 1942, indicated an adequate 
sympathectomy of these areas. 

There has been no evidence of progression of the disease during the three years 
since operation (1939-1942). The level of the arterial pressure has not been al- 
tered. 


J. W. (No. 64807), 42, (Case 7, Chart 7) a colored laborer, was first admitted 
to the medical service on September 9, 1935 because of a severe attack of vertigo 
associated with vomiting and staggering gait of several hours’ duration. He had 
been well until the age of 36 when he began to have infrequent periods of dizziness 
which came on spontaneously, were not related to change in posture nor accom- 
panied by nausea, vomiting, visual or auditory disturbances, and were relieved by 
a few minutes’ rest. In May, 1935 the attacks had become more intense, of longer 
duration and incapacitating. 

F.H. There was no familial history of hypertension or cardiovascular diseases. 

P.H. 1n1925 he had had a penile chancre and failed to seek medical treatment. 
Otherwise, there was no past illness of any consequence. There was no history of 
nephritis or urinary tract infection. The blood pressure was never determined 
until admission to the hospital. 

P. E. When first examined he appeared well developed, well nourished and 
apprehensive. The retinal arteries were narrowed and there was compression of 
the veins at points of crossing. The margins of the discs were distinct and there 
were no hemorrhages or areas of degeneration. The heart was enlarged to the left 
and supracardiac dullness was increased. The rhythm of the heart was regular, 
the sounds of good quality. There were neither murmurs nor gallop rhythm. The 
lungs were clear, and the liver, spleen and kidneys could not be palpated. There 
was no dependent edema. The pulsations of the arteries of the lower extremities 
were forceful. Except for an unsteady, wide-based gait, the neurological examina- 
tion was completely negative. 

Pre-operative Studies: He was observed in the hospital for more than one month 
before operation. During this time renal function was excellent. The blood 
Wassermann was positive, spinal fluid negative. There were 4,580,000 red blood 
corpuscles per cc. of blood and 14 gm. of hemoglobin per 100 cc. of blood. The total 
and differential white blood corpuscle counts were normal. Occasionally, there 
was a slight trace of albumin in the urine and a few hyaline casts. The level of 
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arterial pressure remained high. An electrocardiogram revealed left deviation of 
the electrical axis. Periods of vertigo gradually became less frequent. 
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Operation and Immediate Post-operative Course: Bilateral supradiaphragmatic 
splanchnic resection and extirpation of the lower three thoracic sympathetic ganglia 
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were performed on October 15, 1935. The patient was 394 years old at the time of 
the operation. There was marked relief from symptoms, but no significant altera- 
tion of the renal and circulatory systems. He was discharged from the hospital ten 
days following operation. 

Course Following Operation: He was examined twice during the first two months 
after discharge. During the fourteen months that elapsed before he returned to the 
clinic, he convalesced for a few months, then resumed work as a heavy laborer. 
Except for an occasional mild dizzy spell on bending over, which passed off within 
two to three minutes after assuming an erect posture and walking about, he felt so 
well that he thought it unnecessary to return to the clinic. There was no unsteadi- 
ness of gait. 

Upon return to the clinic, January 2, 1937, marked progression of vascular 
changes in the retinae was evident. The heart had increased in size, there was a 
protodiastolic gallop rhythm at the apex, the radial arteries were thickened and 
tortuous, the level of arterial pressure was higher than at any time previously and 
albuminuria was more marked. 

Dyspnea on slight effort, paroxysmal nocturnal dyspnea and orthopnea plus an 
exacerbation of his usual symptoms caused him to enter the hospital on April 2, 
1937, where, after a brief period of improvement, he went downhill rapidly and died 
in uremia on April 13. 

The post-mortem anatomical diagnosis was: Generalized sclerosis of smaller 
arteries, generalized arteriosclerosis, pre-arteriolo- and arteriosclerotic nephritis, 
hemorrhages in renal pelvis, necrosis in adrenal glands and kidneys, arteriosclerotic 
retinitis, pulmonary edema, chronic cystitis, cardiac hypertrophy and dilatation, 
syphilitic aortitis. The splanchnic nerves had apparently regenerated, since they 
were found intact. 


V. M. (No. 123631), (Case 8, Chart 8) a 28 year old colored housecleaner was 
known to have high blood pressure since the age of 22 (1932), when she sought relief 
from severe frontal headaches frequently associated with nausea, vomiting and 
palpitation, all of several months’ duration. She spent most of the next two years 
resting in bed. This resulted in some relief from symptoms, but did not influence 
the level of the arterial pressure, which varied between 200-240 mm. Hg systolic 
and 110-180 mm. Hg diastolic. During the three years prior to coming to the hos- 
pital on October 25, 1937, the symptoms became more severe, and fatigability, 
nervousness and warm flushes of the face and neck appeared. There was a twenty 
pound weight loss and marked curtailment in her working capacity. 

F.H. Her paternal grandmother died of high blood pressure and her maternal 
grandfather died of Bright’s disease. 

P. H. There was no history of nephritis, urinary tract infection, symptoms 
of renal colic, or toxemia of pregnancy. She was pregnant only once, at the age 
of 21, and had a normal delivery. 

P. E. When first examined at the hospital, she appeared underweight and 
nervous. 

The retinal arteries were unusually narrow and pale, but did not indent the 
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veins at points of crossing. There was no papilledema, and there were no hemor- 
rhages or areas of degeneration. 

The heart was not enlarged, rhythm was regular, the second aortic sound was 
accentuated and there was an inconstant gallop rhythm at the apex. The lungs 
were clear throughout. The liver, spleen and kidneys were not felt and there was 
no edema. The radial arteries were moderately thickened and the palms moist 
and cool. The pulsations of the arteries of the lower extremities were forceful. 
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CHART 8 


Pre-operative Studies: Throughout the period of observation from November 
11, 1937 to January 6, 1938, the level of arterial pressure was markedly elevated. 
The renal function was good; a urine culture was sterile, and the urine sediment 
was normal. Intravenous pyelograms were not done. The teleoroentgen shadow 
of the heart was moderately enlarged in the region of the left ventricle and there 
was left deviation of the electrical axis. Circulation time, venous pressure and 
vital capacity were normal. The response to a cold stimulus was markedly hyper- 
reactor. Following the oral administration of three doses of 0.2 gm. sodium amytal 
at hourly intervals, arterial pressure fell from 210/140 to 162/100 two hours after 
the last dose. 
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The red blood corpuscles numbered 4,960,000 per c. mm. and there were 12.4 
gm. of hemoglobin per 100 cc. of blood. The total and differential white blood 
corpuscle counts were normal. The blood Wassermann was negative. 

Operation and Immediate Post-operative Course: Resection of the splanchnic 
nerves by the infradiaphragmatic approach was done on the left side on January 
7, 1938 and on the right side on January 20, 1938. The patient was 28 years old 
at the time of operation. 

During the two weeks following operation all symptoms disappeared, a moderate 
fall in the level of arterial pressure occurred, and left deviation of the electrocardio- 
graphic axis disappeared. Passive change in posture did not induce postural 
hypotension. Skin temperature and skin resistance tests indicated an adequate 
sympathectomy of the right, but not of the left lower extremity. 

Course Following Operation: Two months after discharge on February 5, 1938, 
she resumed full-time housecleaning and cooking duties for the first time in six 
years. She continued to work without any symptoms until the past year, when 
fatigability reappeared. 

The arterial pressure has continued at a moderately lower level than prior to 
the operation. Between December, 1938 and May, 1940 left deviation of the 
electrocardiographic axis returned, and in the past year the heart has become mod- 
erately enlarged. The cardiovascular system has otherwise remained unaltered. 
The renal function has remained undiminished. 

There has been no sensitivity of the hands to cold. The left foot has usually 
felt warmer to her than the right. Sympathetic nerve innervation of the lower 
extremities, last tested on March 21, 1941, has remained uninterrupted on the 
left, but not on the right side, since operation. 


C. K. (No. 112207), (Chart 9, Case 9) a 50 year old grocer, first learned of 
having high blood pressure in 1935 (age 48) when he went to his private physician 
because of recent onset of non-productive cough and night sweats. During the 
next two years the systolic level of the arterial pressure was found to be consistently 
higher than 200 mm. Hg. Except for the recent onset of a tingling sensation in the 
feet after standing for several hours, he was completely asymptomatic when first 
seen in the clinic. 

F.H. There was no familial history of hypertension. 

P.H. He had always been in good health. There was no history of nephritis 
or urinary tract infection. 

P. E. When first seen in the clinic on June 23, 1937, he did not appear ill. 
The retinal arteries were narrowed, gave an increased light reflex and compressed 
the veins at points of crossing. The margins of the discs were distinct and there 
were no hemorrhages or areas of degeneration. The lungs were emphysematous 
and clear throughout. The heart was enlarged to the left on percussion; other- 
wise it was normal. The liver, spleen and kidneys were not felt and there was no 
dependent edema. The palpable arteries of all limbs were thickened and rubbery. 
Pre-operative Studies: He was admitted to the hospital on July 5, 1937 for 
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study. The roentgen shadow of the heart was not enlarged. There was left 
deviation of the electrocardiographic axis. The renal function was good. Intra- 
venous pyelograms were normal. A urine culture was sterile. There was an 
occasional faint trace of albumin in the urine and the sediment was normal. The 
basal metabolic rate was —2. The circulation time and vital capacity were normal. 
There were 4,380,000 red blood corpuscles per c. mm. of blood and 12.4 gm. of 
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CHART 9 


hemoglobin per 100 cc. of blood. The total and differential white blood cell counts 
were normal. The blood Wassermann was negative. The response to a cold 
stimulus was of a hyperreactor type. Following the intravenous injection of sod- 
ium amytal 0.2 gm. twice within one hour, the level of the arterial pressure fell from 
174/124 to 156/104. 

Operation and Immediate Post-operative Course: After a three-week period of 
observation, a bilateral supradiaphragmatic splanchnicectomy was performed on 
July 17, 1937. The patient was then 504 years old. The level of the arterial 
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pressure was not significantly altered by the operation. Postural hypotension did 
not develop. The roentgen shadow of the heart was moderately smaller. The 
auriculo-ventricular conduction time fell from .20 seconds to .16 seconds, and the 
T waves became upright in leads I and II, whereas they had been diphasic in all 
three standard leads. The renal function and optic fundi were unaltered. On 
August 4th, almost three weeks following operation, he was discharged. 

Course Following Operation: During most of the year following the operation 
he was distressed because the level of the arterial pressure had not been lowered 
by the operation and pain in the back, which developed after the operation, pre- 
vented return to work. In Feburary, 1938, six months after the operation, weak- 
ness and tingling of the left foot developed. This, and the pain in the back, were 
made worse by walking or standing for a short while. In May, 1938 relief from 
these symptoms was obtained by wearing arch supports. With this, there occurred 
improvement in temperament and an increased capacity for work. 

He has remained symptom-free except for the development of nocturia early 
in 1940, and pneumonia in February, 1941. There has been a gain of twenty-five 
pounds in weight. He has worked steadily as a fishing guide, often having to row 
several hours a day. When not working, he runs a small farm. 

The level of the arterial pressure has remained elevated. The excretion of 
phenolsulphonphthalein has diminished moderately, and there has been an almost 
constant low grade albuminuria. The size of the heart has not changed signifi- 
cantly, the levogram has persisted and the P-R interval has increased to the upper 
limits of normal. There has been no change in the appearance of the optic fundi. 


J. A. (No. 130600), (Case 10, Chart 10) a 38 year old Italian machinist, entered 
the hospital on January 28, 1938 complaining of pain in the “stomach”, anorexia 
and frequency of urination during the day, all of 2 weeks’ duration. 

The first attack of pain occurred on January 14, 1938, 20 minutes following 
breakfast, was more or less localized to the epigastrium, non-radiating, intermit- 
tent, cramp-like, and at times so severe as to cause him to lie down and “double 
up”. It was associated with frequency of urination during the day. It was not 
related to any type of food, and not relieved by food or soda. Nausea, vomiting 
and change in bowel habits did not occur. A few days at his home town hospital, 
where he first learned of having high blood pressure, brought no relief, and he was 
referred to the Johns Hopkins Hospital. 

At the age of 35 he had suffered from similar symptoms for about 6 months, 
and had been treated by his private physician for a peptic ulcer. There had been 
no melena or hematemesis. The level of arterial pressure had not been determined 
at that time. 

F.H. There was no familial history of hypertension. 

P.H. He was healthy until the onset of the present illness. He denied having 
had syphilis or gonorrhea. 

P.E. On admission he was apprehensive, perspiring, but in no great distress. 

The retinal arteries were irregular, gave an increased light reflex, and markedly 
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indented the veins at points of crossing. The margins of the optic discs were 
blurred. The discs were hyperemic and the right one protruded slightly. There 
were several fresh hemorrhages and exudates in each retina. 

Examination of the heart revealed no abnormalities. The level of arterial 
pressure was markedly elevated. The lungs were clear. The liver edge was felt 
3 finger-breadths beneath the costal margin. It was smooth and non-tender. 
The spleen was not felt. The lower pole of the right kidney could be palpated; 
it was not tender. There was no edema. The neurological examination was 
negative. 

Pre-operative Course and Studies: While in the hospital from January 28, 1938 
to February 11, 1938, he had several bouts of abdominal pain similar to those 
previously described. During two of these attacks there were 12,950 and 19,800 
white blood cells per c. mm., respectively, without a shift of the differential count 
to the left, and there were 6 per cent eosinophiles. At no time were there sufficient 
physical findings to warrant surgical exploration of the abdomen. He was afebrile 
throughout his stay in the hospital. Roentgen examination of the gastro-intestinal 
tract revealed no evidence of an organic lesion. The stool did not contain blood, 
ova or parasites. Skin tests for trichinosis were negative. A biopsy of the right 
deltoid muscle did not reveal evidence of any vascular disease. 

The renal function was good. There was no azotemia. The urine was normal. 
A urine culture was sterile. The red blood cells numbered 4,970,000 per c. mm. and 
there were 14.5 gm. of hemoglobin in each 100 cc. of blood. The blood Wasser- 
mann was negative. The level of arterial pressure fluctuated widely but was 
consistently elevated. 

Shortly after he was discharged on February 8, 1938, the abdominal pain sub- 
sided. However, a few days later he began to experience weakness on dorsiflexion 
of the left foot and to cry and laugh without provocation. 

He was readmitted to the hospital for these new complaints on April 9, 1938 
and discharged two days later. All the deep reflexes were overactive and those of 
the left side were more active than those of the right. The only abnormal reflex 
elicited was a Hoffman sign on the left side. Motor power was good throughout 
except for weakness on dorsiflexion of the left foot. The physical and laboratory 
findings were otherwise the same as on the first admission. 

Following discharge, he visited his private physician once every two weeks for 
about two months. The leukocytosis and eosinophilia slowly disappeared, nearly 
all the retinal hemorrhages and exudates cleared, the margins of the left optic disc 
became distinct and those of the right remained blurred. It was decided that he 
should return to the hospital on June 14, 1938 for observation for an infradiaphrag- 
matic sympathectomy. 

Pre-operative Studies and Operation: The renal function was stiil good, retro- 
grade pyelograms were normal and a urine culture was sterile. The cardiac 
findings were the same as when first examined. Venous pressure and circulation 
time were normal. There was a hyperreactor response to a cold stimulus. Fol- 
lowing the oral administration at hourly intervals of two 0.2 gram doses of sodium 
amytal, the level of the arterial pressure fell from 206/130 to 96/70. 
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Infradiaphragmatic splanchnic resection was done on the left side on June 29, 
1938, and on the right side one week later. The patient was 38 years and 8 
months old at this time. A well circumscribed adrenal tumor about the size of a 
walnut was removed on the right side. 

The only significant change noted during the immediate post-operative period 
was that the margins of the right optic disc became distinct. Postural hypotension 
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did not develop. There was no relief from symptoms. He was discharged on 
July 24, 1938. 

Course Following Operation: Six weeks following discharge left hemianesthesia, 
left heminanopsia, loss of proprioception on the left side and mild left hemiplegia 
developed. By December, 1938, four months later, some strength had returned 
to the left side of the body. He had lost forty pounds. There were no other new 
physical or laboratory findings. 

Almost a year and a half later, on May 22, 1940, he again entered the hospital 





160 J. BORDLEY, III, M. GALDSTON AND W. E. DANDY 


for observation. During this period of time he was markedly depressed and led an 
almost completely sedentary existence. His major complaint was stiffness of the 
left leg and fatigue after taking only a few steps. 

Striking new physical findings were observed. There was an absence of pulsa- 
tion of all arteries in the right lower extremity. On the left side, only faint pulsa- 
tions of the iliac and femoral arteries could be felt. In the upper extremities, 
pulsations of the left subclavian, brachial and radial arteries were absent, those of 
the right side were present and forceful. A faint aortic pulsation was felt in the 
epigastrium. A loud murmur was heard over the right axillary artery and was 
transmitted along the brachial artery. Another loud systolic murmur was heard 
just above the umbilicus and could be traced to the left iliac region. The level 
of the arterial pressure could not be determined in either leg, nor in the right arm. 
There was no difference in the temperature in either of the upper or lower ex- 
tremities. 

After heating the body to the point of full reflex vasodilatation, a faint pulsation 
of the left brachial artery was felt. None could be felt in the other pulseless ar- 
teries. At that time the level of the arterial pressure in the left arm was 112- 
105/96-88, and in the right arm it was 154-162/112-116. Sweating was absent 
on both sides below the knee, but was profuse and equal elsewhere in the body. 
The extremities of the left side (hemiplegic) attained a slightly higher temperature 
than those of the right side. 

The interpretation was that there was a dissecting aneurysm at the time of the 
original episode of abdominal pain which had since healed, or that there had 
occurred multiple arterial thromboses. 

During the past 2 years there has been only slight subjective improvement, but 
he has been able to assist about the house and to take short walks out-of-doors. 
The strength of the left side of his body has increased moderately. There has been 
no change in the cardiovascular system other than the appearance of left deviation 
of the electrocardiographic axis in May, 1941. The renal function has not changed. 
The resistance of the skin of the lower extremities, last tested on May 19, 1941, 
indicated a persistence of lumbar sympathectomy. 


S. G. (No. 187575), 30, (Case 11, Chart 11) a single Jewish man was in good 
health until 1932 when he began to suffer from bifrontal headaches about twice a 
week. They were brought on by worry or excitement and occasionally required 
rest and analgesics for relief. 

In March, 1939 increased nervousness, persistent fatigability and weakness, 
slight shortness of breath on moderate exertion and nausea with occasional vomit- 
ing in the morning developed. Shortly thereafter, when he sought life insurance, 
he first learned of having high blood pressure. These symptoms increased during 
the three weeks prior to admission to the hypertension clinic on November 3, 1939. 

F.H. Both his parents and an older sister were known to have arterial hyper- 
tension. 


P.H. There was no history of nephritis or urinary tract infection. 
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P. E. When first seen he did not appear ill, nervous or restless. There was 
arterial hypertension of a severe degree without cardiac enlargement. There was 
a gallop rhythm at the apex. There was bilateral papilledema of three diopters 
with fresh flame-shaped hemorrhages and old exudates. The lungs were clear. 
The liver edge was two finger-breadths below the costal margin. It was firm and 
not tender. The spleen and kidneys could not be felt. There was no dependent 
edema. The radial arteries were somewhat tortuous and thickened. Pulsations 
of the arteries of the legs were forceful. 

Pre-operative Studies: The renal function was moderately reduced. Intra- 
venous and retrograde pyelograms revealed no abnormalities in either urinary 
tract. There was a trace to 2 plus albumin, an occasional red blood cell and granu- 
lar and cellular casts in the sediment of numerous urines. There was no azotemia. 
The teleoroentgen shadow of the heart was not enlarged and the electrocardiogram 
was normal. There were 5,000,000 red blood corpuscles per cubic millimeter and 
14.5 grams of hemoglobin per 100 cc. of blood. The total and differential white 
blood counts were normal. The cerebrospinal fluid pressure was 188 mm. of water 
and the fluic was normal. 

During the month preceding sympathectomy he complained of headaches only 
occasionally, lost five pounds and appeared to go downhill rapidly. The extent 
of papilledema slowly increased to 3.5 diopters and fresh hemorrhages and exudates 
appeared in each eyeground. The number of red blood corpuscles fell from 5,000,- 
000 to 4,000,000 per cubic millimeter and the grams of hemoglobin from 14.5 to 13.2 
per 100 cc. blood. The urea clearance fell significantly. 

Operation and Immediate Post-operative Course: Bilateral infradiaphragmatic 
splanchnic nerve resection, performed on the left side on December 19, 1939 and 
on the right side on January 12, 1940, did not lower the level of arterial pressure for 
even a short while. There was some transitory subjective improvement during 
the month following operation that he was observed in the hospital. Fresh hemor- 
rhages appeared in the eyegrounds, papilledema persisted and renal function 
decreased. Hemoglobin fell to 9.9 gm. per 100 cc. of blood. 

Course Following Operation: One week after discharge on February 5, 1940, 
the patient died suddenly at home of a cerebral accident. Post-mortem examina- 
tion was not performed. Examination of nerve tissues removed at operation re- 
vealed no abnormalities. 


F. M. (No. 155654), (Case 12) a 33 year old white male, had been in relatively 
good health until May, 1937, when he began to experience frequent severe, dull, 
frontal headaches. These came on shortly after awaking in the morning and 
tended to subside as the day progressed. 

In 1934 he had passed an examination for life insurance. He was next examined 
by a physician in March, 1938, when the headaches became more intense and per- 
iods of foggy vision, occurring two to three times a day and lasting from one to 
two minutes each, appeared for the first time. From then, when he first learned 
of having high blood pressure, until he was admitted to the hospital on October 29, 
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1938, the systolic level of his arterial pressure was 170 mm. Hg or more on each of 
numerous detcrminations. 

Soon the periods of foggy vision occurred more frequently, his vision began to 
fail and nausea and vomiting accompanied the headaches. In April, 1938 drooping 
of the left corner of the mouth and thickness of speech gradually developed. In 
August, 1938 nocturia, one to three times, failing memory, nervousness and cramp- 
ing sensation in the left calf muscles on running developed. Tinnitus, more marked 
in the left ear than in the right, developed during the few weeks prior to entrance 
to the hospital. 

F.H. There was no familial history of hypertension or cardiovascular disease. 

P.H. There was no history of nephritis, urinary tract infection or symptoms 
suggestive of renal colic. He had had “seizures”, not preceded by an aura, about 
once every two years since 1933. He was told by his wife that during these seizures 
he would suddenly fall to the floor, become rigid and have generalized convulsions 
fora few minutes. He would regain consciousness in three to fifteen minutes. He 
never bit his tongue nor lost control of his sphincters. 

P. E. On admission to the hospital he appeared fairly well developed and 
nourished, and placid. The optic discs were elevated three to four diopters and 
there were other changes in the retinae commonly associated with malignant 
hypertension. 

The only abnormal findings in the heart were a faint protodiastolic gallop 
rhythm at the apex and an accentuated second sound at the aortic area. The 
lungs were clear throughout. 

The liver, spleen and kidneys were not felt. There was no dependent edema. 

The radial arteries were thickened and tortuous. The pulsations of the dorsalis 
pedis and posterior tibial arteries were good on both sides. 

Neurological examination was negative, except for a left central facial nerve 
paralysis. 

Pre-operative Course and Studies: During the six-week observation period before 
infradiaphragmatic splanchnic resection was performed, moderate diminution in 
renal function occurred. The maximum capacity to concentrate urine fell from a 
specific gravity of 1.026 to 1.022; the urea clearance fell from 98 and 92 per cent of 
standard clearance during two successive one-hour periods to 76 and 67 per cent; 
and the phenolsulphonphthalein excreted at the end of two hours, following intra- 
venous injection of 6 mg., fell from 57 to 52 per cent. There was no azotemia. 
There was a trace to 1+ albumin and rare red and white blood cells and hyaline 
and granular casts in numerous urines examined. Intravenous pyelograms re- 
vealed no abnormalities of the urinary tract. 

The teleoroentgen shadow of the heart and aorta was not enlarged and the lung 
fields were clear. The electrocardiographic tracings were normal. The response 
to cold stimulus was of the normal reactor type. The venous pressure and circula- 
tion time were normal. 

The appearance of the retinae and the degree of papilledema did not change. 
The level of the cerebrospinal fluid pressure was 320 mm. of water. The dynamics 
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and the fluid were entirely normal. The spinal fluid and blood Wassermann tests 
were negative. The roentgen shadow of the skull revealed calcification of the 
pineal gland. A ventriculogram revealed deformity of the anterior horn of the 
left lateral ventricle, which was thought to account for the infrequent convulsive 
seizures. The level of arterial pressure fluctuated between 248 and 154 mm. Hg 
systolic and between 165 and 110 mm. Hg diastolic. 

There were 5.1 million red blood cells per c. mm. of blood, and 14.7 grams of + 
hemoglobin per 100 cc. of blood. The total and differential white blood cell counts 
were normal. 

The severity of the symptoms decreased moderately Convulsive seizures did 
not occur. 

Operation and Immediate Post-operative Course: On December 12, 1939 a left 
infradiaphragmatic splanchnic nerve resection was done. The patient was 334 
years old at the time of operation. A transitory fall in the diastolic level of arterial 
pressure occurred postoperatively. One week later, during the same type of 
operation on the right side, the level of the arterial pressure gradually fell from 250/ 
158 mm. Hg to 70/64 mm. Hg. The patient did not respond to therapy and re- 
mained in shock until death 22 hours after operation. 

The post-mortem examination revealed: Narrowing of the right renal artery, 
arterio- and arteriolosclerosis of the kidneys, more extensive in the right kidney than 
in the left, acute rheumatic endocarditis in the wall of the left auricle and acute 
rheumatic myocarditis, perivascular round cell infiltration in the brain, hemor- 
rhages and necrosis of Purkinje cells of the cerebellum, left pleural adhesions, scars 
in the apex of each lung, lobular pneumonia, hemorrhages in the wall of the urinary 
bladder, papilledema, retinal hemorrhages and exudates. 


THE FOLLOWING APPLY TO ALL OF THE CHARTS 


1. The dates listed in one vertical column are inclusive. 

2. The period of hospitalization immediately preceding and following 
operation is included between the two heavily drawn longitudinal lines extending 
the full length of each chart. 

3. The date of operation is indicated by an arrow. A supradiaphrag- 
matic operation (Peet) done in one stage is indicated by one arrow. Each of 
the two stages of the infradiaphragmatic operation (Adson-Craig) is indicated 
separately by an arrow. 

4. The solid vertical line between two dots and the broken vertical line 
between two circles indicate the extremes of systolic and diastolic pressure read- 
ings for the day(s) listed. 

: SYST. ; . 

5. ERECT DIAST denotes the level of arterial pressure after passive change 
on a tilt table from the supine to 75° erect posture. 

6. Cold Test: The number of millimeters of mercury rise in the systolic 
and diastolic levels above that of the control period is given. 
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7. The urea clearance was calculated according to the formulae of 
Mdller, McIntosh and Van Slyke. 

8. In recording albuminuria, each horizontal division of the graph 
represents 2 + in an arbitrary scale running from 0 to 4 +. 

9. The specific gravity of urine obtained from a urine concentration 
test is indicated by a circle on the scale 1.010 to 1.030. 

10. E.K.G = Electrocardiogram. P-R = Auricular-ventricular conduction 
time in seconds. Dev. = Deviation of the electrocardiographic electrical 
axis; L. indicates deviation to the left; L.Sl. indicates slight deviation to the left; 
O indicates no deviation. 

11. TELEO. = Teleoroentgenogram. 7.D.A. and T.D.H. represent trans- 
verse diameter of the aorta and transverse diameter of the heart, measured in 
centimeters on a teleoroentgenogram. 

12. Retinal photographs were taken on the days indicated by +. Art. 
Scler. = Retinal arteriosclerosis. Hemorr. = Retinal hemorrhages. Papilled. 
= Neuro-retinal edema. Exudate = Retinal exudates. 

13. Under symptoms: H’dache = Headache. Fatig. = Fatigue. Nerv. 
= Nervousness. Vomit. = Vomiting. Palp. = Palpitation. Dysp. = 
Dyspnea on effort. Post Hypo. = Postural hypotension. Post. Dysp. = Pos- 
tural dyspnea. Noct. Dyspb. = Nocturnal dyspnea. Orthop. = Orthopnea. 
Sen. Cold = Sensitivity of fingers to cold. Stag. = Staggering gait. Bl. Vis. = 
Blurred vision. Ment. Conf. = Mental confusion. Urin. Freq. = Urinary fre- 
quency. Wk. lt. side = Weakness of left side of body. Spon. cry. & laugh. = 
Spontaneous crying and laughing. Depre. = Depressed. Pares. = Paresthesia. 
Rt. Hemip. = Right sided hemiparesis. Weak = Weakness. 

14. Ven. Press. = Venous pressure in the antecubital vein measured in 
centimeters of water. 

15. Circ. Time = Circulation time in seconds measured by sodium 
cyanide except as indicated by an asterisk when decholin was used. 
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Involvement of the pericardium is an unusual complication in 
tularemia. This seems surprising in view of the relatively frequent 
involvement of the lungs and pleura in this infection. This report 
concerns the clinical and bacteriological studies of a case of chronic 
constrictive pericarditis which was originally believed to be tuber- 
culous but was proved to be caused by B. tularense. Previously pub- 
lished cases of pericardial involvement in tularemia are reviewed. 


REPORT OF A CASE 


W. B., a 22 year old white farmer entered Vanderbilt Hospital on March 2, 
1942 complaining of shortness of breath. The patient was well until December 
15, 1941 when he developed a febrile illness characterized by a sore throat, malaise, 
muscle pains, drenching sweats and a cough productive of yellow mucoid sputum. 
Several days later a physician made a diagnosis of pneumonia on the right side 
and administered sulfathiazole. There was no response to treatment. The 
patient became delirious. On December 26, he was admitted to a local hospital 
where he was found to have a temperature of 104.4° F., a pulse of 112 and a respir- 
atory rate of 24. A right thoracentesis yielded 16 ounces of straw colored fluid. 
The total leukocyte count was 15,000 per cubic millimeter. For the first 10 days, 
the temperature varied between 103 and 105° F. and for the next 3 days did not 
exceed 99° F. A roentgenogram showed a patchy density of the lower two thirds 
of the right lung. This was interpreted as pneumonia and thickened pleura. 
Sulfathiazole was discontinued. The patient was discharged from the hospital 
after 13 days. 

Subsequently he remained in bed two weeks and continued to have a productive 
cough and drenching sweats. Upon becoming ambulatory, he became aware of 
dyspnea on exertion. Several days after activity was resumed, fever recurred and 
was accompanied by left pleuritic pain and aching of the joints. He returned to 
bed for two weeks and continued to have a productive cough and intermittent left 
pleuritic pain. When these symptoms diminished, he gradually resumed activity 
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and again was troubled by shortness of breath. He was referred to Vanderbilt 
Hospital where he was admitted on March 2, 1942, approximately 24 months after 
the onset of the illness. 

During the entire illness the patient’s appetite had remained good. In the 
initial febrile period, he had lost weight which he subsequently had regained. 
He had not observed any skin or mucous membrane lesions or any enlargement 
of the lymph nodes. The past history and family history were not remarkable. 
Several weeks prior to the earliest symp.om of the present illness, the patient had 
handled but not skinned a rabbit which he had shot. The person who had skinned 
the rabbit remained well. 

Physical Examination. This revealed a well developed, well nourished male 
who appeared moderately ill. Examination of the head and neck was negative. 
The neck veins were not distended. The heart was enlarged with the left border 
dulness in the anterior axillary line. There was no visible or palpable apical 
impulse. The right border dulness extended 4 cm. to the right of the midsternal 
line. There was moderate widening of the base of the heart. The heart sounds 
were of poor quality. The blood pressure was 120 systolic and 80 diastolic with a 
pronounced paradoxical pulse. Over the base of each lung posteriorly there was 
dulness and diminished breath sounds but no rales. The liver and spleen were not 
palpable. The genitalia, rectum and prostate were normal. There was no 
peripheral edema. The lymph nodes were not enlarged and there were no skin 
lesions. 

Laboratory Studies. The hemoglobin was 10 grams (Sahli) ; the total erythrocyte 
count was 3,600,000 and the total leukocyte count, 10,000 per c. mm. with neutro- 
phils 71 per cent, lymphocytes 28 per cent and monocytes 1 per cent. The blood 
Kahn reaction was negative. Examinations of the urine and stool were negative. 
The nonprotein nitrogen of the plasma was 36 mg. and the serum protein was 6.5 
grams per 100 cc. with albumin 5.36 and globulin 1.14 grams. The venous pressure 
was slightly elevated, measuring 180 mm. of water above the level of the auricle. 
The circulation time with sodium cyanide (arm to carotid sinus) was 17 seconds 
and with paraldehyde (arm to lung), 10 seconds. Both these values are within 
normal limits. The vital capacity was 2.2 liters. An electrocardiogram showed 
sinus tachycardia and low voltage in leads 2 and 3. T1 and T2 were inverted and 
T3 was isoelectric. 

The patient’s serum agglutinated B. tularense to a dilution of 1:160 but failed 
to agglutinate B. abortus, Proteus X-19 and enteric organisms. The patient’s 
skin showed a weakly positive reaction to the intracutaneous injection of 0.1 
mg. of tuberculin. A culture of the sputum yielded no pathogenic organisms. 
No tubercle bacilli could be demonstrated in 20 specimens of sputum. The 
pétient’s gastric washings were injected into a guinea pig which showed no lesions 
when autopsied 7 weeks later. 

A roentgenogram of the chest showed evidence of a small amount of fluid and 
pleural thickening at the interlobar septum between the right upper and middle 
lobes. The addition there was slight patchy density of the right lower lobe which 
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was interpreted as pleural thickening. There was no definite evidence of parenchy- 
mal infiltration. The right costophrenic sinus was shallow. The transverse 
diameter of the heart was 18 cm. and of the chest, 31 cm. On fluoroscopic exam- 
ination, the cardiac pulsations were diminished. A roentgenogram of the abdomen 
showed no enlargement of the spleen. 

Course in the Hospital. During the first week (3/2-3/8) there was an irregular 
fever (Figure 1), moderate tachycardia and an increased respiratory rate. The 
patient coughed continually and required codeine and morphine constantly for 
relief. At times he complained of slight dyspnea. The day following admission 
to the hospital, a pericardial tap was performed. Three cc. of turbid pale yellow 
fluid was withdrawn from the pericardial sac and 200 cc. of air was injected at the 
same site. A roentgenogram following this procedure showed a small amount of 
air in the left side of the pericardial cavity and a small left pneumothorax. The 
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exact size of the heart could not be determined because of a small amount of fluid 
present in the pericardial sac. The pericardium between the air pocket and the 
lung measured 5 mm. in thickness (Figure 2). Following the pericardial tap, a 
pericardial friction rub appeared and persisted for several days. On culture the 
pericardial fluid yielded no growth on dextrose infusion broth and blood agar plates. 
A guinea pig inoculated with the fluid was found dead 10 days later. Its tissues 
were badly autolyzed but autopsy showed focal lesions in the liver and spleen which 
were suggestive of tularemia. Cultures of the spleen and heart’s blood were over- 
grown by contaminating organisms. On March 5, a left thoracic tap yielded 10 
cc. of greenish-yellow turbid fluid which contained 4,800 leukocytes per c. mm., 
predominantly neutrophils. The pleural fluid yielded no growth in dextrose agar 
broth or on 5 slants of blood-dextrose-cystine agar. No organisms were seen in 
Gram and acid-fast stained smears of the centrifuged sediment. Two white mice, 
inoculated intraperitoneally with the fluid remained well. On March 4 the 
patient’s serum again agglutinated B. tularense to a dilution of 1:160. A blood 
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culture on March 2 gave no growth in broth and one made on March 4 gave no 
growth on blood-dextrose-cystine agar slants (1). 

During the second week (3/9-3/15) the fever and productive cough continued. 
Dyspnea was more marked. The liver became slightly enlarged; however there 
was no peripheral edema. The venous pressure was unchanged. One transfusion 
of 500 cc. of whole blood was administered. On March 10 the patient’s serum 
had an antitularense titer of 1:160 and 5 days later this had risen to 1:320. A 
blood culture on March 15 gave no growth in broth. 

During the third week of hospitalization (3/16-3/22), the patient’s condition 
became critical. The high fever continued and was accompanied by a moderate 





Fic. 2. A shows chest prior to pericardial tap. 8B, following a pericardial tap 
and replacement with air, shows a small amount of air lying in the left side within 
a thickened pericardium. 


elevation of the pulse and respiratory rate. The cough became more severe and 
was not relieved by frequent administrations of morphine. Dyspnea became 
marked. The neck veins were distended. Examination of the chest showed 
diminished breath sounds and bronchial breathing over the base of each lung 
posteriorly. The heart remained enlarged and the sounds were distant. The 
liver enlarged progressively so that its lower edge extended to the level of the 
umbilicus. A painful brawny edema appeared over the sacrum and persisted for 
four days. The venous pressure became markedly elevated, measuring 291 mm. 
of water. The vital capacity fell from 2.2 to 1.6 liters. A right thoracic tap 
yielded 15 cc. of clear greenish-yellow fluid which contained 2,000 leukocytes, of 
which 93% were lymphocytes. On blood-dextrose-cystine agar slants this fluid 
yielded pure cultures of B. tularense. The same organism was recovered from a 
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guinea pig which died 9 days after injection of the pleural fluid. Several trans- 
fusions were administered. Sulfathiazol therapy was begun on March 19 but 
had to be discontinued 5 days later because of the occurrence of an episcleritis and 
a macular rash over the extremities. Two blood cultures in dextrose broth 
remained sterile. 

During the fourth week (3/23-3/29), there was slight clinical improvement. 
On March 23, 1,500 cc. of cloudy yellow-green fluid was withdrawn from the right 
chest. This fluid had a specific gravity of 1.021 and contained 1,760 leukocytes 
with 70 per cent lymphocytes and 30 per cent neutrophils. On the same day, the 
patient received 500 cc. of whole blood from another ward patient who had had 
tularemia for several months and still had suppurating lymph nodes. The donor’s 
blood agglutinated B. tularense to a dilution of 1:1280. Also on this day, the 
patient received for the first time .6 grams of acetylsalicylic acid on two occasions 
because of severe muscle pains. At 8 p.m. of this day, the temperature was 
105.6° F. and within a few hours it fell to 92° F. (rectal). The fall in temperature 
was associated with profuse sweating. The blood pressure at this time was 104 
systolic and 70 diastolic. External heat was applied. The temperature returned 
to a normal level after 8 hours and during the remainder of the week showed daily 
rises varying from 100-102° F. Numerous rales were heard at the bases of the 
lungs. There was ankle edema, marked hepatomegaly and slight ascites. The 
cough continued. On March 28, 600 cc. of fluid was withdrawn from the left 
chest. This fluid was similar to that obtained five days previously. Cultures on 
blood-dextrose-cystine agar slants remained sterile. During this week, the vital 
capacity fell to 1.2 liters and the circulation time with sodium cyanide increased to 
30 seconds. Roentgen examination of the chest on March 25 showed the heart 
to be much larger than on previous occasions. Intravenous administration of 
salyrgan produced a marked diuresis. On March 23, prior to transfusion, the 
patient’s serum had an antitularense titer of 1:1280 and the following day, a 
titer of 1:640. The serum still failed to agglutinate B. abortus. On March 27 
a blood culture on the blood-dextrose-cystine medium remained sterile. 

In the fifth week (3/30-4/5), dyspnea became less severe and the peripheral 
edema diminished. On March 30 swelling and tenderness of the right testicle and 
spermatic cord appeared and subsided within several days. On April 3, 300 cc. 
of turbid green-yellow fluid with a specific gravity of 1.020 were removed from the 
left chest. It was sterile when cultured for B. tularense. The venous pressure 
remained elevated, measuring 270 mm. of water. The vital capacity was 1.6 
liters. Intravenous administration of salyrgan again produced a good diuresis. 
On March 30 the patient’s serum agglutinated B. tularense to a dilution of 1:1280 
and 4 days later, to 1:640. The chest fluid withdrawn on April 3 agglutinated 
B. tularense to a dilution of 1:320. A blood culture on the cystine medium was 
sterile. 

During the last two weeks of hospitalization (4/6-4/17) the patient’s tempera- 
ture was normal or subnormal while the pulse remained elevated, varying from 
90-110. The cough diminished. The edema subsided and the liver became 


smaller. The venous pressure remained elevated measuring 230 and 240 mm. of 
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water on two occasions. The vital capacity rose to 2 liters. The antitularense 
titer of the patient’s serum was 1:640 on April 13. On April 17, the patient was 
discharged from the hospital. 

Further Laboratory Studies. During the period of hospitalization the hemo- 
globin content of the blood rose from an initial level of 10 grams (Sahli) to a level 
of 16 grams per cent at the time of discharge. This was accompanied by a rise 
in the total erythrocyte count from 3,600,000 to 5,980,000 per cubic millimeter. 
During this period, the patient received ferrous sulfate and a total of 2,500 cc. of 
whole blood in transfusions. The total leukocyte count varied between 7,300 
and 13,700, averaging about 10,000 per cubic millimeter. Differential counts 
showed a slight increase in the percentage of neutrophils but no other significant 
findings. The sedimentation rate of the blood was markedly elevated during the 
first few weeks while it was normal during the last two weeks of hospitalization. 
The urine showed a maximum concentration of 1.028. On many occasions, it 
contained a slight trace of albumin. Rarely a few erythrocytes, leukocytes and 
casts were present in the sediment. 

Additional Roentgenograms. Through the courtesy of Dr. J. U. Speer of Pulaski, 
Tennessee, we had the opportunity to see the roentgenogram of the patient’s 
chest which was made in December, 1941. This film was made at a distance of 30 
inches in contrast to our films which were made at a distance of 6 feet. Never- 
theless it was apparent that in December, 1941, the heart was much smaller than 
in our earliest roentgenogram which was made on March 3, 1942. Moreover the 
configuration of the heart in the earlier examination did not suggest a pericardial 
effusion. While he was in the Vanderbilt Hospital, frequent roentgenograms of 
the patient’s chest were made. The transverse diameter of the chest varied 
between 30.5 and 32 cm. The transverse diameter of the heart on March 3, 
measured 18 cm. On March 11, the transverse diameter of the heart measured 
17 cm. and the air which had been instilled into the pericardium on March 3, 
had disappeared. On March 25, at a time when the patient showed evidence of 
marked cardiac decompensation, the transverse diameter of the heart had in- 
creased to 20cm. Subsequently the transverse diameter of the heart diminished, 
measuring 17 cm. on April 13, 1942. The roentgenological evidence of a sma!' 
pericardial effusion seen in the earlier examinations disappeared. The roentgeno- 
logical findings in the lungs showed little change while the patient remained in the 
hospital. Variable amounts of fluid appeared and receded at the bases of the 
lungs. At the interlobar septum between the right upper and middle lobes, there 
was a persistent patchy density which was interpreted as evidence of a small 
effusion and pleural thickening. At no time was there evidence of a pneumonic 
process. 

Five and one half weeks after discharge from the hospital, the patient appeared 
much improved and had gained 17 pounds in weight. He had been ambulatory 
and moderately active. He had continued to have a slight cough, occasional 
chest pain, occasional mild night sweats and intermittent swelling of the ankles. 
Dyspnea on exertion persisted but was less pronounced. 

On examination the heart was smaller. The blood pressure was 120 systolic 
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and 84 diastolic with a paradoxical pulse. A friction rub was present at the base 
of the leftlung. The liver edge was palpable 4 cm. below the costal margin. There 
was slight edema of the ankles. 

The patient’s serum agglutinated B. tularense to a dilution of 1:640. The 
venous pressure remained elevated, measuring 240 mm. of water. The circulation 
time with sodium cyanide was 30 seconds and with paraldehyde, 15 seconds. The 
vital capacity had increased to 3 liters. An electrocardiogram showed a rate of 
125 with T waves inverted in leads 1 and 2 and isoelectric in lead 3. A roentgeno- 
gram of the chest showed the heart to measure 16.3 cm. transversely and the thorax 
to measure 32 cm. in transverse diameter. The fluid in the left chest had com- 
pletely disappeared, leaving slight pleural thickening. 

Resume of the Case. A 22 year old white farmer developed a chronic febrile 
illness which was not associated with lesions of the skin, mucous membranes or 
lymph nodes. At the onset, the symptoms and signs suggested infection of the 
lungs and pleura. In the course of 5 or 6 weeks, dyspnea on exertion became a 
prominent symptom. Two and one half months after the onset of the illness, 
the patient entered the hospital where he was found to have pericardial and pleural 
effusions. At this time his serum agglutinated B. tularense to a dilution of 1:160. 
Following withdrawal of a small amount of fluid from the pericardial sac, air was 
injected at the site. A roentgenogram demonstrated the presence of a small 
amount of fluid and air in a greatly thickened pericardial sac. For the first three 
weeks of hospitalization there were signs of increasing pericardial constriction 
associated with bilateral pleural effusions. At the end of this time the antitula- 
rense titer of the patient’s serum had risen to 1:1280. During the fourth week, 
the patient received a transfusion from a patient convalescent from tularemia 
whose serum agglutinated B. tularense to a dilution of 1:1,280. Following this 
transfusion, perhaps by coincidence, there was evidence of clinical improvement. 
At the time of discharge from the hospital, constrictive pericarditis persisted 
without roentgenological evidence of fluid in the pericardial sac. B. tularense 
was recovered from the pleural fluid by direct culture. Pericardial fluid injected 
into a guinea pig produced lesions suggestive of tularemia but postmortem autol- 
ysis prevented absolute identification. All efforts to demonstrate tubercle 
bacilli in the patient’s sputa, gastric washings and pleural fluid were unsuccessful. 

Identification of the Organism Recovered from the Left Pleural Cavity. The fluid 
obtained from the left pleural cavity on March 18 was injected subcutaneously 
into the groin of a guinea pig and was cultured on 3 blood-dextrose-cystine agar 
slants. Growth was demonstrable on the slants on the third day. The guinea 
pig died on the ninth day after injection. At autopsy its groin presented a large 
ulcer covered with greenish pus. The regional lymph nodes were enlarged, 
hemorrhagic and necrotic. Areas of focal necrosis grossly and microscopically 
typical of tularemia were present in the liver and spleen. B. tularense was re- 
covered in pure culture from the spleen and the heart’s blood. 

A formalized saline emulsion of the growth from the blood-dextrose-cystine 
agar slants was agglutinated by a known antitularense serum to its full titer of 
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1:640 and by a commercial anti-abortus serum, with a titer of 1:800, only to a 
dilution of 1:40. 

From the dextrose-cystine agar slants, a fresh saline suspension of bacteria was 
prepared according to the method described by Francis (2). This suspension was 
diluted to make concentrations of 10-*, 10-* and 10-!° of the initial suspension. 
One cc. of each dilution was injected into 6 white mice. All mice receiving the 
10-* dilution died within 4 days while 3 of the mice receiving the 10-* dilution 
died within 10 days. B. tularense was recovered in every instance from the heart’s 
blood of the mice which did not survive. 


DISCUSSION 


Widespread interest in tularemia with the reporting of a large 
number of cases has demonstrated many variations in this disease. 
Among other complications, involvement of the serous membranes 
has been observed. Owing to the frequency of tularemic pneumonia 
which is often accompanied by pleurisy with effusion (3), the pleura is 
the serous membrane which is most likely to be involved. Frank 
peritonitis, although unusual, has been described (4, 5a). Varying 
degrees of peritoneal involvement, particularly perisplenitis, are not 
uncommon at autopsy (6). Cases of meningitis in tularemia have been 
reported (7, 8). Foshay and Mayer (9) described a patient with 
olecranon bursitis from which B. tularense was cultured for as long as 
5 months after the onset of the disease. 

The pericardium, despite its proximity to the pleural cavity, is 
rarely attacked by B. tularense. A review of the literature has re- 
vealed only five or possibly six cases in which pericarditis occurred as 
a complication of tularemia. Complete published records of three 
such cases are available (10, 11, 12) while Foshay (5b) briefly men- 
tioned a fourth and Kavanaugh (13) described a fifth in a clinic dis- 
cussion. Stump and Quinn (14) reported a case in which a small area 
of fibrinous pericarditis was found at autopsy in a patient who died of 
extensive tularemic pneumonia and septicemia. In addition, this 
patient’s heart showed rheumatic aortic stenosis and Aschoff bodies 
in the myocardium. Foshay (15) has furnished us additional details 
regarding his patient and has informed us of three additional un- 
published cases of pericardial involvement in tularemia. We have 
tabulated the significant clinical and bacteriological findings available 
in these 9 cases together with the findings in our case (Table I). 

The clinical data for some of the cases in this series are incomplete; 
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nevertheless certain features deserve comment. In nine of the cases, 
pericardial involvement was an acute process whereas in one instance 
(our case), the process was chronic and presumably led to adhesive 
constrictive pericarditis. In at least 8 cases, pericarditis was accom- 
panied by pneumonia and in 8 cases, pleural effusions were present 
This suggests that contiguous infection from lung and pleura may be a 
factor in the production of tularemic pericarditis. Four of the cases 
terminated fatally; however in only one or possibly two cases was the 
pericardial involvement a significant contributory factor. 

The symptoms and signs of pericarditis in this group were variable. 
Several patients complained of precordial pain. A pericardial fric- 
tion rub was noted in eight of the cases. In two instances a pericardial 
tap was performed. Additional manifestations of pericarditis in this 
group of 10 cases can be divided into two groups: those cases with 
evidence of cardiac embarrassment and those without. With the 
exception of our case, circulatory impairment presumably resulted from 
an excessive accumulation of fluid in the pericardial sac. Myocardial 
involvement as a contributory factor is possible since myocardial le- 
sions have been observed in tularemia (16); however Foshay (5c) 
states that “there is little or no evidence that tularemia damages the 
normal heart.’”’ Certain findings suggestive of cardiac embarrassment 
such as dyspnea, precordial and chest pain, and cyanosis must be 
interpreted cautiously because of concomitant pulmonary in- 
volvement. 

In at least 6 of the 10 cases, there was evidence of cardiac embarrass- 
ment. Dyspnea was mentioned in 6 cases. Other evidences of 
circulatory impairment were distant heart sounds, noted 5 times; 
edema or ascites, 4 times; cardiac enlargement, 3 times. In 5 cases 
there was roentgenological evidence of significant amounts of peri- 
cardial fluid. Electrocardiographic changes compatable with peri- 
cardial involvement were observed twice. The cases of Simpson 
(10), Stofer (12), Foshay (5) and Kavanaugh (13) showed signs of 
cardiac embarrassment, yet presumably made complete recoveries. 
Pessin’s patient (11) died and at autopsy, the pericardial sac contained 
1,650 cc. of fluid. Swenson’s patient (15c) (17) had pericarditis, with 
evidence of cardiac failure and the case terminated fatally. In this 
instance, bilateral pneumonia and oliguria were prominent features. 
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In three instances, pericarditis was not a significant factor in the 
illness. Two of these patients died and were autopsied. In one (15a), 
there was a pericardial friction rub during life and no evidence of cir- 
culatory embarrassment. At autopsy pleuro-pericardial fibrinous 
adhesions were the only evidence of pericardial involvement. In 
another case (14), a small area of fibrinous pericarditis was an inci- 
dental finding at autopsy. In a third case (15b), a transient peri- 
cardial friction rub occurred in conjunction with pneumonia and there 
was complete recovery. 


SUMMARY 


We have presented a case of tularemia of the typhoidal type with 
evidence of pleuritis and pneumonia. The illness was complicated by 
a constricting pericarditis which persisted after clinical recovery from 
the febrile illness. Roentgenograms following instillation of air into 
the pericardial sac showed the pericardium to be markedly thickened. 
B. tularense was recovered from the pieural fluid of this patient. In 
addition there was suggestive evidence that this organism was present 
in the pericardial fluid. The manifestations of nine additional cases 
of pericardial involvement in tularemia are tabulated and discussed. 
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The term “peptone” as used in bacteriology signifies the product 
resulting from the hydrolysis of protein substances. The main in- 
gredients are various split-products of proteins, such as proteoses, 
peptones, peptids and amino-acids. Since the substrates commonly 
used are not pure proteins, the resulting peptones may contain many 
other chemical substances, such as salts, amines and complex organic 
substances frequently of the nature of “‘accessory growth factors.” 
In any given product the amounts of these substances present will 
depend upon the nature of the substrate, the enzyme, the process of 
manufacture and whether or not substances have been added. Even 
though, for routine purposes, the bacteriologist may be satisfied with 
the results, regardless of the nature of the medium used, a full knowl- 
edge of the factors involved would inevitably lead to further improve- 
ment and progress. 

Previous to about 1915, Witte’s ““Peptonum Siccum” was generally 
used. The nature of this product, made in Germany, and the process 
of manufacture have not been revealed. When stocks became ex- 
hausted, various American manufacturers undertook to make peptones. 
Unfortunately, American manufacturers have followed the same trade 
policy as did Witte, in maintaining trade secrecy as to the processes of 
manufacture and the nature of the basic substrates. Their products 
are designated by uninformative trade names. No one should object 
to the contribution of industry to the convenience and availability of 
products needed for scientific work but the use of semi-secret propri- 
etary products is not in the interest of science. 
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PREPARATION OF PEPTONES FROM CASEIN 


Casein 


The author presents directions for making three types of basic pep- 
tone from casein. Casein was selected as a substrate because (1) it is 
relatively inexpensive and plentiful; (2) it is available in essentially 
pure form; (3) it is a relatively complete protein substance, containing 
the essential amino-acids in substantial amounts although lacking 
accessory growth substances which, however, may be added if desired; 
(4) it presents few manufacturing difficulties. A typical analysis of 
high grade commercial casein! is given below: 


I ian adyencmeke wae havin aneaencous . 8.10 per cent 

Nitrogen.......... ee Eee 

Lactose . i ry abaws a ee 

Fat... - , Ser pouen . 0.41 per cent 

Copper. . : 9.60 parts per million 

Iron. . “ 1s 0.21 parts per million 

re : ne ee .. 2.13 per cent 

IR strecewsanamnwa ; i oe 43.73 per cent 
a : ; 30.89 per cent 
havik wpa caine ahve one eee se Salks 7.88 per cent 

Enzymes 


There are many proteolytic enzymes which could be used for the 
preparation of peptones. Only three enzyme preparations are gen- 
erally available commercially. None of these is a pure product and 
such preparations usually contain more than one type of enzyme. 
These commercial preparations are pepsin, papayotin (papain) and 
pancreatin (trypsin). 

Pepsin. Commercial pepsin gives a clear solution in water. The 
titer is usually 1: 10,000, which means that 1 gram of powder, in four 
hours, will digest 10,000 grams of 20 mesh coagulated egg white sus- 
pended in a certain amount of water at 52°C. and pH 2.0. U.S.P. 
pepsin has a titer of 1:3000 and must not be used for the preparation 
of peptone since it may contain lactose. 

Pepsin is most active in acid solution. The optimum pH varies 
with the substrate. According to Northrop, pure pepsin appears to 


1 High nitrogen casein prepared by Sheffield By-Products Company. 
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have greatest activity for casein at about pH 2.0. Above pH 5.0 pure 
pepsin is inactive. The optimum temperature is between 50° and 
60°C. Commercial pepsin behaves somewhat differently from pure 
pepsin and is active over a wider range of pH. The final products of 
peptic digestion are mainly proteoses and chemical peptones. Only 
a relatively small amount of amino-acids is liberated. 

Pancreatin. Commercial pancreatin is a very crude product and is 
only partially soluble in water. The titer varies from 1:75 to 1:100 
which means that one part of pancreatin powder in two hours at 42°C. 
will digest 75 to 100 parts of dissolved casein at pH 8.0. U.S.P. 
pancreatin (1:25) must not be used for preparing peptones since it 
may contain lactose. 

Pancreatin is most active in slightly alkaline solution. The opti- 
mum pH varies with the substrate. The maximum activity of pure 
trypsin, according to Northrop, is at pH 7.5 to 9.5. It is inactive at 
pH 5 and below. Commercial pancreatin has a wider active pH range 
than pure trypsin and is quite active for casein at pH 4.5. The op- 
timum temperature is generally stated to be from 40° to 50°C., but 
the crude product seems equally active up to 60°C. The final products 
of pancreatic digestion are amino-acids, peptids, and chemical 
peptones. 

Papayotin. Papayotin is prepared from the juice of the pawpaw 
tree. The juice is mixed with several volumes of ethyl alcohol and the 
resulting precipitate is dried and ground. This powder constitutes 
commercial papayotin or papain. It is a very impure product only 
partially soluble in water. Methods of standardization have not been 
perfected or agreed upon. 

Papayotin is usually most active in neutral or very slightly acid 
solution, pH 4to 7. The optimum temperature is somewhere between 
50° and 70°C. Commercial papayotin, as is, has but little proteolytic 
activity. It can be activated by various reducing substances such as 
cysteine, hydrogen cyanide, and hydrogen sulphide. For the prepara- 
tion of peptones the last named activator is preferable. 


Titration to Determine Raie and Degree of Digestion 


Various methods are available for this purpose, such as those of 
Sérensen, Willstatter, Linderstrém-Lang and Van Slyke. The author 
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has used the Willstaitter method which involves the principle that 
when alcohol is added to an amino-acid, the amino radical is suppressed 
and the amino-acid behaves towards alkali as an aliphatic acid and can 
be titrated directly with standard alcoholic KOH solution. 


General Considerations for the Preparation of Casein Peptones 


Concentration of Substrate. The concentration of the substrate, 
within certain limits, is of rather minor importance. Enzymic reac- 
tions are reversible and as the digestion products accumulate, the rate 
of the forward reaction decreases to the final equilibrium. A more 
complete digestion can be expected, therefore, when the substrate is 
dilute than when it is concentrated. With casein the most convenient 
and practical substrate concentration seems to be about 10 per cent. 

pH of Substrate. The pH of the substrate is governed partly by the 
kind of enzyme used and its optimum zone of activity. Considera- 
tions other than enzyme activity may also enter into the choice of pH. 
Addition of large amounts of acid or alkali produces large amounts of 
salt in the final product. This salt may be difficult to remove and its 
presence is often undesirable. Another consideration is the undesir- 
able growth of bacteria during the digestion period. Other factors 
being about equal, the pH at which bacteria grow most slowly would 
be preferable. From the standpoint of convenience, low salt concen- 
tration, inhibition of bacterial growth, and satisfactory enzyme ac- 
tivity, the final choice of pH for casein digestion was pH 4.5 to 5.0. 
Since this is the pH of the casein, no acid or alkali is added, but the 
casein is simply suspended in the distilled water. As good or better 
casein peptones were obtained at this pH than at other pH values. 

Concentration of Enzyme. The higher the concentration of enzyme 
the more rapid the digestion. Enzymes are moderately expensive and 
it is uneconomical to use very high concentrations. Enough enzyme 
should be used to digest most of the protein in the substrate in acon- 
venient length of time. It should be kept in mind that the ordinary 
commercial enzymes are not pure substances but contain extraneous 
proteins which may be digested along with the particular substrate 
used and thus modify the resulting peptone. This is particularly true 
when the enzyme is added in the raw state such as stomach lining for 
pepsin and whole pancreas for trypsin. If this is done the resulting 
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peptone will partly come from the digestion of the stomach proteins 
and the pancreas proteins, and not from the substrate alone. Figure 1 
illustrates the degree of digestion of casein in 19 hours with various 
ratios of pepsin and casein. 


TITRATION. VALUE 
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as a) 50 1:20 
PEPSIN: CASEIN CONCENTRATION RATIO 


Fic. 1. RELATIVE AMOUNTS OF CASEIN DIGESTED 1n 19 Hours aT 50°C. By 
VARIOUS PROPORTIONS OF PEPSIN AND CASEIN 


TITRATION VALUE 

















2 16 20 24 
DIGESTION TIME IN HOURS 


Fic. 2. RELATIVE RATES OF DIGESTION OF CASEIN BY PAPAYOTIN ACTIVATED 
witH H:S AND UNACTIVATED 


Activation of Enzyme. Commercial preparations of pancreatin and 
pepsin are active and do not require any treatment. Papayotin, how- 
ever, is inactive. For the preparation of peptone, papayotin is acti- 
vated best by bubbling H.S through a water suspension for about one- 
half hour. Figure 2 illustrates the comparative rates of digestion of 
casein by activated and unactivated papayotin. 
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Temperature of Digestion. All enzymes in solution undergo inactiva- 
tion which becomes increasingly rapid with rise in temperature. The 
rate of digestion, however, also increases with rise in temperature. A 
major factor in choice of temperature is the growth of bacteria. The 
best temperature to use would seem to be that which prevents the 
growth of all but thermophilic bacteria and yet allows the enzyme to 
work at close to optimum activity. Most mesophilic bacteria grow 
little, if at all, at temperatures above 48°. A temperature of 52°C. 
definitely inhibits the growth of all such bacteria with a good margin 


"TITRATION VALUE 
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Fic. 3. RELATIVE RATES OF DIGESTION OF CASEIN BY PANCREATIN AT VARIOUS 
TEMPERATURES 


of safety. Most enzymes are very active, and approach maximum 
activity, at a temperature of 52°C., and inactivation at this tempera- 
ture is not rapid. For these reasons the author has chosen 52°C. as 
the standard digestion temperature. The temperature of digestion 
does not appear to affect the nature of the peptone. Figure 3 il- 
lustrates the rate of digestion of casein by pancreatin at various 
temperatures. 

Digestion Time. The length of the digestion period is determined 
by the relative concentration of enzyme and substrate, and the tem- 
perature. The time required for complete digestion is readily deter- 
mined by periodic titration of the liberated carboxyl groups using the 
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Willstatter method. The author’s experience would indicate that 
with relatively pure protein substrates, such as casein, or substrates 
devoid of accessory growth substances, the length of the digestion 
period is immaterial as far as the quality of the resulting peptone 
is concerned. 


PEPTIC DIGEST OF CASEIN, TYPE EL-1 


A considerable number of peptic digests of casein were made and 
thoroughly tested. The procedure finally adopted appears to be the 
simplest and to give the most satisfactory peptone. 

The casein? used was a high grade of commercial casein having the 
general composition given in the previous discussion of casein. The 
pepsin® used was of commercial grade with a titer of 1:10,000. Dis- 
tilled water was always used. The final choice of casein concentration 
was 10 per cent. Only minor differences were found in the peptones 
prepared by using different amounts of pepsin per unit of casein. 
With higher concentrations of pepsin the digestion proceeds more 
rapidly and, for equal digestion times, the protein is broken down into 
somewhat smaller particles. Growth tests showed that peptones made 
by using higher concentrations of pepsin are slightly more nutritious 
than those made with lower concentrations. The difference may be 
due to accessory growth factors added with the pepsin and to the 
smaller molecular size of the peptone. Most bacteria apparently 
can utilize the smaller amino-acid and peptid molecules much more 
readily than the larger proteose molecules. The temperature of 
digestion made very little difference in the final product and, for the 
reasons given, 52°C. was chosen as standard. 

The pH of the substrate appears to have a considerable effect on 
the final product. With increasing acidity of the substrate the peptone 
product becomes increasingly less nutritious. The size of the peptone 
molecules does not appear to be different and neither is the rate of di- 
gestion much different. The cause of the difference in nutritive value 
is not known. 


2 The casein was manufactured by the Sheffield By-Products Company of 
Hobart, New York and Labeled “High Nitrogen Casein.” 

* The pepsin was obtained from Armour Laboratories, Chicago, Illinois, and 
from Wilson Laboratories, Chicago, Lllinois. 
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The growth promoting properties of a peptic digest of casein are 
poor at best and the value of casein-pepsin peptone lies mainly in its 
usefulness for specific purposes. The procedure described below for 
the preparation of casein-pepsin peptone is believed to be as simple as 
possible and various batches have not shown any significant differ- 
ences. No salt is introduced into the peptone and bacterial growth 
during the digestion period has not been observed. The high tem- 
perature employed would limit the growth to thermophils capable of 


GRAMS OF PEPTOWE IN tcc OF DIGEST o—eo 
| ALCOWMGLIC TITRATION (cc 01 N KOH per 2cc OF DIGEST) =—a 
| 
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Fic. 4. RATE oF DIGESTION OF CASEIN BY PEPSIN AS DETERMINED BY WEIGHT OF 
PEPTONE PRODUCED AND BY ALCOHOLIC TITRATION 


Casein concentration 10 per cent. Pepsin concentration 0.4 per cent. Tem- 
perature 50°C. pH 4.5. 


growing at a pH as low as 4.5. Under the conditions described below 
the rate of digestion, as determined by alcoholic titration and quantita- 
tive weight determination, is given in Figure 4. 


Technique of Preparation. Suspend 100 grams of casein (40 mesh or finer) 
in 900 cc. of distilled water. Heat suspension to 52°C. Dissolve 4 grams of 
1:10,000 pepsin in 100 cc. of distilled water and add to the casein suspension. 
Allow to digest with frequent or constant, gentle stirring for 20 hours. At the 
end of the digestion period boil the suspension for 1 minute. Allow to cool to 
20°C. or lower and filter clear. Add sodium hydroxide to pH 7.3. The solution 
should remain clear. If cloudy, heat to boiling and filter clear. 

If the peptone is not dried, and in the absence of analysis, it may be assumed 
that the concentration of peptone in the digest is about 7 to 8 per cent. Drying 
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of the peptone should be done under as high a vacuum as possible with the at- 
mospheric pressure not over one inch of mercury. It may be observed that if 
the boiled digest is filtered very hot a clear filtrate is obtained which becomes 
cloudy with the subsequent formation of a flocculent precipitate as the solution 
cools. This precipitate redissolves if the solution is heated and also dissolves 
when the solution is neutralized. If such peptone should be used in an acid 
medium the substance might precipitate. The author was unable to find any 
nutritive differences in split lots of peptone with and without thissubstance. How- 
ever, it seems a better policy to remove the substance by thorough cooling before 
filtration. 


Characteristics. In the powdered form peptone EL-1 is practically 
colorless and gives a clear solution which in 1 per cent concentration 
has only the faintest touch of yellow. The powder is not very hygro- 
scopic and is readily handled even in warm and moist weather. The 
alcoholic titration value in cc. of normal KOH per gram is about 1.2, 
which shows that on the average the constituent molecules are large 
and of the nature of chemical peptones and proteoses. Free trypto- 
phane is not present and the bromine test is negative. Digestion of 
the peptone with pancreatin liberates tryptophane and the bromine 
test becomes positive. At the pH of 7.0 to 7.2 the total ash is about 6 
per cent. About two-thirds of this ash results from the sodium hy- 
droxide added to neutralize the original digest. The rest of the ash 
comes mainly from the casein and is made up of calcium sulphates and 
phosphates and the other inorganic salts found in milk. 

The general growth-promoting properties of casein-pepsin peptone 
are inferior to those of casein peptones made by digestion with either 
papayotin or pancreatin. In common with all pure casein peptones 
it is deficient in ‘‘accessory growth substances,” and by itself makes a 
rather poor medium for the growth of all but the least fastidious bac- 
teria, such as the intestinal group and the spore-formers. When it is 
combined with meat infusion good growth is obtained with most bac- 
teria, but not as good as with casein-pancreatin peptone. Since the 
peptone does not contain free tryptophane it cannot be used for the 
indol test except with bacteria which can split peptids or polypeptids 
and liberate the tryptophane. The peptone is very satisfactory for 
the MR and VP tests but inferior to pancreatic digests in most fermen- 
tation media. It is excellent and recommended above other types of 
casein peptone for use in infusion blood agar, particularly for the 
study of double-zone hemolysis by colonies of Group B streptococci. 
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PAPAIC DIGEST OF CASEIN, TYPE EL-2 


A considerable number of papaic digests of casein were made and 
thoroughly tested. The procedure finally adopted appears to be the 
simplest and to give the most satisfactory peptone. Various lots of 
papain were used. Some were labeled as to source and titer and some 
were not. As stated previously, a uniform method of titrating papain 
has not been adopted. The titer stated on two lots was 1:200. The 
enzyme in water suspension was completely activated by treatment 
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with HS gas in a closed flask for one-half hour. The digestion of 
casein by papain at pH 4.5 proceeds more rapidly than with either 
pepsin or pancreatin. At this pH the digestion proceeds as fast as 
at any other pH tried, and may be optimum. The rate of digestion 
as determined by alcoholic titration and by the weight of the peptone 
formed is illustrated graphically in Figure 5. From this figure it is 
apparent that the reaction nears completion in 12 to 16 hours. No 
significant differences were observed in peptones produced by long and 
by short periods of digestion, by high and low temperature (40° to 
60°C.), or by high and low concentrations of the enzyme. The most 
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satisfactory temperature is 52°C., or above. A 1:25 ratio of papain 
to casein was adopted. For convenience the digestion time was 
chosen as 20 hours. 


Technique of Preparation. Suspend 100 grams of casein (40 mesh or finer) in 
900 cc. of distilled water. Heat suspension to 52°C. Suspend 4 grams of papain 
in 100 cc. of distilled water in a flask and treat with H.S gas with frequent shaking 
for one-half hour. Add the activated papain to the casein suspension. Allow 
to digest at 52°C. with frequent or constant, gentle stirring for 20 hours. At 
the end of the digestion period boil the suspension for one minute. Allow the 
solution to cool to 20°C. and filter clear. Titrate with sodium hydroxide to pH 
7.3. The solution should remain clear. If not, boil one minute and filter clear. 
The peptone concentration will be about 9 per cent. 


Characteristics. Casein-papain peptone powder has a very light 
yellow color and should give a clear solution which is practically 
colorless in 1 per cent concentration. The powder is moderately 
hygroscopic, more so than peptic digest, but less so than pancreatic 
digest. The alcoholic titration values in cc. of normal KOH per gram 
is about 1.4, which shows the average size of the molecules to be smaller 
than those of a peptic digest but larger than those of a pancreatic 
digest. Some free tryptophane is present and the peptone gives a 
weak bromine test. At pH 7.1 the ash content is about 6 per cent. 

The growth promoting property is superior to that of casein-pepsin 
peptone. It is generally inferior to that of casein-pancreatin peptone, 
except for hemolytic streptococci and pneumococci, which grow ex- 
ceptionally well on casein-papain peptone. Since the free tryptophane 
concentration is low the peptone is not recommended for the indol test. 
For most other bacteriological purposes the peptone is satisfactory. 


PANCREATIC DIGEST OF CASEIN, TYPE EL-3 


More exhaustive study has been made of casein-pancreatin peptone 
than of any other type since this type is the most nutritious and 
generally best adapted for bacteriological work. The method of 
preparation finally adopted and described below has resulted from 
the preparation and exhaustive study of over 50 different lots. 

The pancreatin used was the ordinary commercial grade having a 
titer of 1:80 or 1:90. This material isin the active form. Pancreatin 
has an optimum pH of 8 to 9. At the beginning of this work all pan- 
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creatic digestions were carried out on casein dissolved in sodium 
hydroxide to give a pH of about 8.5. At this pH the digestion pro- 
ceeds rapidly and all the casein is converted to peptone in less than two 
hours, using a 1:25 ratio of pancreatin and casein. This method intro- 
duces considerable salt into the peptone and involves the troublesome 
procedure of dissolving the casein, with subsequent acidification (to 
facilitate filtration) and neutralization. Filtration of the unacidified 
digest is practically impossible and the digest must be acidified to a 
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pH of about 5, at which pH the filtration proceeds rapidly. It was 
discovered in the study of effect of pH that digestion takes place fairly 
rapidly at the pH of casein (about 4.7). By digesting at this pH no 
salt is introduced, filtration is simplified and the resulting peptone is 
as good as that produced in alkaline solution. To minimize the 
growth of bacteria during the digestion period of 20 hours, a digestion 
temperature of 52°C. was adopted. It may be seen in Figure 3 that 
this temperature is as favorable as any. This high temperature com- 
bined with the low pH was always sufficient to inhibit growth of bac- 
teria. In Figure 6 is illustrated graphically the rate of digestion of 
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casein by pancreatin at pH about 4.5 and a temperature of 50°C., with 
a pancreatin-casein ratio of 1:25. It may be observed that in 20 hours 
the casein is not completely digested but only to the extent of about 85 
per cent. More complete digestion may be obtained by prolonging 
the digestion period, increasing the enzyme concentration, or using a 
more finely ground casein (40 mesh was used). While such modifica- 
tions would increase the yield slightly, the increased yield is not worth 
the extra cost. The enzyme is expensive and the problem of grinding 
casein to a very fine mesh is difficult and expensive. The growth 
promoting properties of peptones prepared at various temperatures, 
acidities and periods of digestion varied little and the technique 
adopted gave as good a peptone as any. 


Technique of Preparation. Suspend 100 grams of casein (40 mesh or finer) 
in 900 cc. of distilled water. Heat suspension to 52°C. Suspend 4 grams of 
pancreatin in 100 cc. of distilled water. Add the enzyme suspension to the 
casein suspension. Allow to digest at 52°C. with frequent or constant, gentle 
stirring for 20 hours. At the end of the digestion period boil the suspension for 
one minute. Allow to cool to 20°C. and filter clear. Titrate to pH 7.3 with 
sodium hydroxide. The solution should remain clear; if not, reboil for one minute 
and filter clear. The concentration of peptone should be 8 to 9 per cent. 


Characteristics. The powdered peptone is very hygroscopic and 
gives a clear and almost colorless solution in water. The alcoholic 
titration value in cc. of normal KOH per gram is about 2.1, which 
shows that the constituent molecules are small compared to those in a 
peptic digest. The total ash at pH 7.1 is about 6 per cent. 

The general growth promoting properties of casein-pancreatin pep- 
tone are better than those of the other two types of casein peptone 
described, and it is the casein peptone of choice for all general culture 
work. For certain specific purposes, such as study of hemolysis in 
blood agar, one of the other types of casein peptone may be superior, 
as indicated before. The concentration of free tryptophane is high 
and this is the best peptone for study of indol production. In common 
with the other pure casein peptones, casein-pancreatin is lacking in 
“accessory growth factors” and, by itself, is inferior to some peptones 
made from meat. With added meat infusion, however, it is as good 
as any known peptone. 
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COMPARATIVE PROPERTIES OF CASEIN PEPTONES AND VARIOUS 
COMMERCIAL PEPTONES 


Selected Special Properties 


The three types of casein peptones (EL-1, EL-2 and EL-3)described 
in the preceding pages have been compared rather extensively with 
each other and with several of the more commonly used commercial 
peptones. The amount of data collected is very large and cannot be 
presented in detail. 

The different characteristics shown by the three types of casein 
peptones are probably mainly, if not entirely, due to the size of the 
constituent molecules. The peptones have been tested by various 
biochemical tests, some of which are included in Table I, including 
lactose broth, Russell medium, Kligler iron double sugar medium, and 
others. In all of these the differences shown by the peptones were 
slight and due mainly to differences in rate and amount of growth. In 
general the pancreatic digest was best. 

In Table I are summarized for comparative purposes several prop- 
erties and characteristics of the casein peptones and of some of the 
better known commercial peptones. The peptones are arranged in 
order of degree of digestion or size of molecular constituents as deter- 
mined by alcoholic titration. The average relative molecular size 
was obtained by dividing the titration values into 8.2, which is the 
titration value of an acid hydrolysate of casein and of smallest average 
molecular size. Assuming the acid hydrolysate to be made up entirely 
of amino-acids, the average-size molecule in the peptic digest of casein 
would be an aggregate of about seven amino-acids. Few, if any, free 
amino-acids are present as indicated by the negative bromine test, 
which is a test for free tryptophane. Many large molecular aggregates 
occur and the proportion of proteoses is high. The pancreatic digest 
of casein has a molecule of average size made up of about four amino- 
acids. A considerable proportion is in the form of free amino-acids 
and the bromine test is strongly positive. The proportion of very 
large aggregates such as proteoses is low. 

The bromine test serves as a rough indicator of the nature of the 
substrate and the procedure used for making the peptone. A peptic 
digest of casein gives a negative bromine test because the tryptophane 
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is in combined form. Digestion with pancreatin of such peptone 
liberates tryptophane, and the bromine test becomes strongly positive. 
With the acid hydrolysate of casein the bromine test is negative both 
before and after pancreatic digestion, which shows that the trypto- 
phane has been destroyed in the process of preparation. A peptone 
with a low alcoholic titration value and a negative bromine test before 
and after pancreatic digestion was probably made from a substrate 
such as gelatin which contains little or no tryptophane. The indol 
test is more sensitive than the bromine test and is positive in some 
cases where the bromine test is negative. A completely negative indol 
test, using a culture of fecal colon bacilli, usually indicates a peptone 
made either by acid hydrolysis or from gelatin. Using colon bacilli, 
peptic digests give very weak indol tests. The figures for total ash 
are not entirely comparable. The discrepancy lies in the pH of the 
peptone, for which no adjustment was made. The casein peptones 
before neutralization gave a total ash of about 2 per cent and after 
neutralization slightly over 6 per cent. The total ash of a peptone 
such as Witte, which is fairly acid, would be materially increased if 
analyzed in the neutral condition. For the production of the usual 
a and 6 types of hemolysis the nature of the peptone is of little con- 
sequence. Inthe formation of double-zone hemolysis the nature of the 
peptone is important and peptic digests give larger and more pro- 
nounced double zones than do pancreatic digests, which in turn are 
better than acid digests. The voluminous comparative data on the 
growth-promoting properties of the three types of casein peptones 
prepared cannot be recorded in detail. It would be well to indicate, 
however, the nature of these tests and to give a summary of the results. 

Preparation of Media and Inoculation. The usual growth tests were 
made by preparing a 1 per cent peptone agar with 0.5 per cent sodium 
chloride at pH of 7.1 to 7.3. The agar was poured into petri dishes 
and the bottom of the plate divided into, usually, six sections by means 
of a wax pencil. Twenty-four hour cultures of the bacteria were 
diluted, 1 loopful to 5 cc. of water, and 1 loopful streaked on a section 
of the plate. Observations were made after 24 and 48 hours of incuba- 
tion. Both the size and relative number of colonies were recorded. 
In the summaries these recordings appear as numbers, the higher the 
number the better the growth. Liquid media were also used oc- 











PREPARATION OF BACTERIOLOGICAL PEPTONES 195 


casionally and gave results comparable to those obtained on the 
agar media. 

Cultures Used. The number of different cultures used in each ex- 
periment varied from 18 to 36; that is, from 3 to 6 plates of each me- 
dium were streaked, usually with six organisms on each plate. The 
organisms were carefully selected to give as wide a variety as possible. 
Representative intestinal bacilli, staphylococci and spore-formers 
were occasionally used but these invariably grew so heavily that the 
data were of little value. Representative strains of the following 
types of bacteria were most commonly used. On the growth of these 
the final conclusions were based: 


Streptococci, various beta, alpha, and gamma types 
Pneumococci 

Micrococcus tetragenes 

Sarcina lutea 

Brucella, melitensis and abortus types 

Pasteurella multocida 

Chromogenic gram-negative rods from milk 
Vibrio proteus 

Lactobacilli, various 

Diphtheria bacilli, intermediary and mitis types 
Corynebacterium hofmanni and other diphtheroids 
Mycobacterium tuberculosis, avian type 


Hydrogen Ion Concentration. A few experiments were made using 
several peptones in media at pH values from 6.8 to 7.8. Only minor 
differences were found in growth and the conclusion was reached that 
the optimum pH is largely independent of the nature of the peptone. 
With the bacteria used, a pH of 7.3 was slightly better than pH 7.8 and 
both of these better than pH 6.8. The differences in growth, however, 
were not great. 

Effect of Sodium Chloride. With most of the bacteria used compar- 
able growth was obtained on media with and without added salt. The 
one exception was a strain of Vibrio proteus which did not grow on 
any of the media without added salt. With the addition of 0.5 per 
cent or more of sodium chloride very luxurious growth occurred. It 
should be noted that the three casein peptones described are almost 
entirely salt-free. Many commercial peptones have some salt in them, 
and the effect of salt may not be as pronounced with these peptones. 
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Since none of the other bacteria behaved in this manner it is probable 
that only rare strains of bacteria are as strictly dependent upon salt 
for growth. In no instance did a 0.5 per cent salt concentration 
appear to be toxic or render the medium any less favorable for growth. 
It would seem advisable, therefore, to prepare all media with 0.5 
per cent salt. 

Effect of Fermentable Sugar. The stimulating effect of a fermentable 
carbohydrate on the growth of bacteria is well known. Several ex- 
periments definitely showed this to be the case. The growth of a 
dextrose fermenting organism was invariably increased by the addi- 
tion of dextrose to the medium. As little as 0.01 per cent dextrose 
was noticeable. Increasing the dextrose concentration led to increased 
stimulation up to about 0.3 per cent, above which little further stimu- 
lation was apparent. Dextrose concentrations above 1 per cent gave 
some evidence of toxicity. Consequently high concentrations should 
be avoided. No stimulating effect of dextrose was apparent on the 
growth of non-dextrose fermenting bacteria. 

Concentration of Peptone. With most bacteria the usual 1 per cent 
concentration of peptone is far from optimum as regards amount of 
growth obtained. Several experiments, using the casein peptones in 
concentrations from 0.5 per cent to 10 per cent, show the optimum 
concentration of all three of these peptones to be somewhere in the 
neighborhood of 8 per cent. A few strains of bacteria showed de- 
creased growth with the higher peptone concentrations, but with the 
majority the growth was increased. Table II sums up the results of 
one such experiment using 24 different bacteria on both plain peptone 
and infusion agars. It may be seen from Table II that the optimum 
peptone concentration is lower in infusion media (4 per cent) than in 
the media without infusion. 

Effect of “Accessory Growth Factors’ and Meat Infusion. Casein 
itself and, consequently, the peptones made from it are largely devoid 
of accessory growth factors or vitamins. Peptones made from “vita- 
min free” casein show little difference in growth-promoting properties 
from peptones made from ordinary casein. Addition of the various 
chemically known growth factors (thiamin, nicotinic acid, beta alanin, 
pantothenic acid, choline, pimelic acid) and combinations of these, 
to peptone EL-3 did not materially increase the growth-promoting 
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TABLE II 
Growth-promoting Properties of Various Concentrations of Casein Peptones in Agar Media 
SUM OF INDIVIDUAL SCORES* 
TYPE PEPTONE CONC., PER CENT 
Pep. Med. Inf. Med. 

1 32 114 

2 46 114 
nas 4 52 117 

8 56 110 

1 41 130 

2 57 131 
as 4 70 138 

8 73 127 

1 72 137 

2 97 151 
mS 4 115 159 

8 | 120 | 151 








* The score is based upon the size and number of colonies obtained. 


The greater the 


number of colonies, and the larger their size, the higher the score for the medium. 


TABLE Il 


Comparative Growth-Stimulating Effects of Various Substances when Added to 1 Per Cent 


Casein-Peptone (EL-3) in an Agar Medium 
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42 
50 
59 
72 
83 
70 
74 
78 
82 
87 
89 





*Included for comparative purposes. 


properties of the peptone. Addition of meat infusion to a casein- 
peptone medium has a tremendously growth-stimulating effect. Part 
of this effect is due to the dextrose such infusion invariably contains. 
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It is a well-known observation that sugar-free infusion is much less 
nutritious than ordinary infusion. In addition to the sugar there are 
other growth factors in the infusion. In commercial meat extract 
some of these growth factors, as well as the dextrose, have been de- 
stroyed and it is consequently less nutritious than meat infusion. 
Infusions of vegetables also contain growth-stimulating substances. 
While part of this stimulation is due to the fermentable carbohydrates, 
other growth-stimulating substances are present. These data are 
summarized in Table III. 


Comparative Growth-promoting Properties of Commercial Peptones and 
Casein Peptones 


None of the casein peptones are as nutritious as some of the so-called 
commercial “peptones.” The reason for this is that some commercial 


TABLE IV 


Com parative Growth-Promoting Properties of some Commercial Peptones and Casein Peptones 
in Agar Media 
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peptones contain variable quantities of meat extractives. The com- 
mercial peptones made from relatively pure proteins are usually 
inferior to the casein peptones. Table IV gives a summary of some of 
these findings. It may be observed in this table that the casein pan- 
creatin peptone (EL-3) is the most nutritious of the three casein pep- 
tones whether or not it is combined with meat infusion. Addition 
of 10 per cent of ordinary strength meat infusion to any of the casein 
peptones makes a better medium than the best of the commercial 
peptones by itself. 


DISCUSSION AND SUMMARY 


The techniques of preparation and the properties of peptones pre- 
pared by enzymic digestion of casein have been investigated in great 
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detail and methods of preparation have been described. The final 
choice of preparation technique is based on simplicity, reproducibility, 
and nutritive qualities. As a result of these studies three types of 
casein peptone have been evolved, one for each kind of enzyme used. 
These peptones are very simple to make in a highly reproducible form. 
They give a perfectly clear and almost colorless solution in water. 
They produce no precipitate when added to meat infusion. They are 
free from carbohydrates and from sodium chloride and other salts 
except those found in the casein itself. The peptones have been 
made commercially in small batches without any technicaldifficulties. 
Such commercial batches have proved to be, within reasonable limits, 
identical with the peptones made on a laboratory scale by the author. 

Since casein is relatively free from accessory growth factors, such 
as are found in meat and vegetable infusions, casein peptones are also 
deficient in this respect. Addition of a small amount of meat infusion 
greatly improves the general nutritive properties of the peptones. 
Comparative growth tests invariably have shown the pancreatic 
digests to be superior to either the papaic or peptic digests, the latter 
being the least nutritious. For special purposes, particularly in blood 
agar, the peptic and the papaic digests may be found superior to the 
pancreatic digest. 


Grateful acknowledgement is extended by the author to Dr. J. Howard Brown 
of the Johns Hopkins University for his advice and help. 
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(These reviews represent the individual opinions of the reviewers and not 
necessarily those of the members of the Editorial Board of this Journal.) 


Hemolytic Syndromes. A reprint of an exhibit sponsored by the New England 
Medical Center, Boston, Mass. and presented at the 1942 Convention of the 
American Medical Association. 45 pp. Illus. $1.50. Privately printed. 

Many physicians surely have wished, when passing through the Scientific Ex- 
hibits at the meetings of the American Medical Association, that they might have 
the time and opportunity to study some of the exhibits in detail. Here is one such 
exhibit published at the request of many of those who saw it in Atlantic City. 

Current knowledge concerning the hemolytic syndromes, to which the authors 

have contributed so much, is presented in diagnostic and epitomized form. This 

contribution is worth study both for its content and its style. 
M. M. W. 


Sulfonamide Compounds in the Treatment of Infections. By Maurice A. Scunirt- 
KER. 195 pp. $2.00. Oxford University Press, New York [etc.], 1942. 
(Reprinted from Oxford Loose-Leaf Medicine.) 

This is a revision of a previously published monograph from the Oxford System 
of Medicine. It remains a brief (150 pages) review of sulfonamide chemotherapy 
but changes and additions have been made in keeping with advances in the field. 
It is primarily intended for practicing physicians and students as a handy, brief 
reference source. Chapters are devoted to each of the commonly used sul- 
fonamides, and these will be found useful. One might criticize the rather lengthy 
review of the theories of the mode of action in a book of this avowed purpose. 

R. A,- NN. 


Treatment in General Practice. By Harry BECKMAN. 4thed. 1015pp. $10.00. 
W. B. Saunders Company, Philadelphia and London, 1942. 

Concerning a previous edition, the reviewer noted that a huge mass of material 
is presented lucidly, interestingly, and fairly. The necessarily concise presenta- 
tion is supplemented by sixty pages of valuable references. There is added new 
matter on virus diseases, geriatrics, vitamin deficiency states, the sulfonamide 
drugs and other timely gossip. 

The practitioner who finds himself suddenly in need of enlightenment, in a 
therapeutic quandary, will meet here a trusty guide on the first stage of his quest- 
ing journey. 

S. W. 


Formulary and Handbook. The Johns Hopkins Hospital. Edited by Joun C. 
Krantz, Jr. 253 pp. $2.00. John D. Lucas Company, Baltimore, 1942. 
This material in this book was originally compiled by members of the staff 
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representing the various departments of the Johns Hopkins Hospital, primarily 
for the guidance of interns and residents in prescribing drugs and other thera- 
peutic measures. In effect it is an abbreviated pharmacopeia and formulary, 
including only those drugs and mixtures which are regarded as important and 
which are actually in general use in the wards and dispensary in each of the prin- 
cipal departments of the Hospital. The number of preparations considered is 
therefore limited to a relatively small group which have survived a long period 
of natural selection. 

Each preparation is described, indications for its use are stated, as well as dose 
and directions for administration. In separate sections are included special drugs 
and mixtures used in the departments. of urology, gynecology, dermatology, 
ophthalmology, and laryngology. Vitamins, endocrine preparations and biologi 
cal products are included, as well as diagnostic agents. Directions are given for 
a few special therapeutic procedures such as transfusion. There is also a short 
section giving treatment of the commoner types of poisoning. 

The book contains a surprising amount of useful information, easily available, 
and “ballast” has been almost entirely eliminated. It is not designed as a text 
book, but will be very useful for the purpose for which it was intended. 

. We. &, 


The Hand—Its Disabilities and Diseases. By Conpict W. CuTLER. 572 pages. 
Illus. $7.50. W. B. Saunders Company, Philadelphia and London, 1942. 
There was need for such a book as this. Present day surgery of the hand stems 
largely from Kanavel’s classic studies of the peculiar structure and infections of 
that member. Recent textbook discussions of the subject have been for the most 
part revisions of Kanavel’s original rambling presentation. Dr. Cutler’s con- 
sideration of the subject is broader in scope, however, for in addition to anatomic 
structure and acute pyogenic infections of the hand, he deals also with specific 
and chronic infections, wounds, fractures, dislocations, deformities, tumors, and 
local manifestations of constitutional diseases. The result is a rather comprehen- 
sive treatise on the diseases and disabilities of the hand. 

The execution of the book is worthy of the concept. The text is clear and well 
proportioned. The illustrations merit special commendation. Selected _ bibli- 
ographies and a good index add to its value as a reference book. The format leaves 
little to be desired. Altogether, the book is an excellent and timely presentation 
of a subject that concerns physicians no less than surgeons. 

PP 


Manual of Dermatology. Issued under the Auspices of the Committee on Medi- 
cine of the Division of Medical Sciences of the National Research Council. 
By Donatp M. PritsBury, Marion B. SULZBERGER, CLARENCE S. 
Livincoop. 421 pp. Illus. $2.00. W. B. Saunders Company, Phila- 
delphia & London, 1942. (Military Medical Manuals.) 

This little book is one of the Modern Military Manuals designed for the field kit 
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of the battalion medical officer. It is of convenient size and reasonable cost. 
The subject matter is limited to consideration of the diagnosis and treatment of 
the important common skin diseases. There are a number of excellent photographs 
and diagramatic illustrations. The book can be useful not only to the Medical 
Officer, but is a very good primer for medical students. It could be improved by 
simplifying and shortening the discussion of treatment and amplifying somewhat 
the clinical descriptions of the illustrated diseases. In some instances, the termi- 
nology is confusing to the beginner, notably in the one-time synonymous, at other 
times etiologically distinctive uses of ‘“eczema” and ‘‘dermatitis’” and the loose use 
of terms like ‘‘staphyloderma,” 


““ ““ ‘ 


streptoderma,” “‘pyoderma,” “‘secondary infec- 


tions” and “impetiginization.” A book for the novice would do best in avoiding 


any but the simplest and most easily understandable of terms and legends. 


HK. H. i 
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